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ABSTRACT
The computer code for an advanced dynamic airfoil model
(ADAM) 1is described. The code 1is capable of calculating
steady or unsteady flow over two-dimensional airfoils with
allowances for boundary layer separation. Specific types of
airfoil motions currently installed are steady rectilinear
motion, impulsively started rectilinear motion, constant
rate pitching, sinusoidal pitch oscillations, sinusoidal
lateral plunging, and simulated Darrieus turbine motion.
Other types of airfoil motion may be analyzed through simple
modifications of a single subroutine. The code has a
built-in capability to generate the geocmetric parameters for
a cylinder, the NACA four-digit series of airfoils, and a
NASA NLF-0416 laminar airfoil. oOther types of airfoils are
easily incorporated. The code ADAM is currently in a state
of development. It is theoretically consistent and complete.
However, further work is needed on the numerical
implementation of the method. Details of the method and a
description of the accuray limitations of the current
numerical implementations may be found in A Numerical Model

for Unsteady Two-Dimensional Flow Calculations with Flow
Separation, SAND86-7183.
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NOMENCLATURE
Normal influence velocity coefficient due to an airfoil vorticity
element.

Normal influence velocity coefficient due to a wake element on
the trailing edge wake.

Normal influence velocity coefficient due to a wake element on
the boundary layer separation surface.

Airfoil chord length.

Skin friction coefficient.

Normal unit vector at a potential source point.

Normal unit vector on the nascent trailing edge wake element.
Number of elements on the airfoil,.

Number of elements on the separated boundary layer wake surface.
Number of elements on the trailing edge wake surface.

Pressure.

Freestream pressure.

Magnitude of the vector connecting a potential source point to a
field point.

Dimensional and nondimensional radius of a Darrieus turbine,
Surface coordinate along the airfoil surface.

Surface of the airfoil.

Dimensional and dimensionless time.

Total fluid velocity vector.

Edge velocity on the airfoil surface.

Relative velocity between the airfoil and the freestream.

Relative velocity between a Darrieus turbine blade and the
freestream.

Freestream velocity magnitude.



*
u,2 - Freestream velocity in a Darrieus turbine analysis.

W - Wake surfaces.

Xa,Ya,Xa,Ya - Dimensional and dimensionless airfoil coordinates.

Y s Y - Dimensional and dimensionless maximum periodic lateral
max max

displacement.

a - Angle of attack.

Y - Surface vorticity strength.

rb,rs,rt,rnet ~ Circulation associated with vorticity on the airfoil, on
the boundary layer separation wake, on the trailing edge

wake, and in the complete flow fieild.

8 - Displacement thickness.

2] - Momentum thickness.
- Angle of attack parameter.

A - Darrieus tip-to-windspeed ratio.

u - Source strength distribution on the airfoil surface.
v - Surface unit normal at a field point.

n - 3.14159,..

p - fluid density.

o - Doubiet strength distribution on the airfoil surface.
$ - Disturbance potential.

w,; - Dimensional and dimensioniess angular rotation rate.

vii/viii






1. INTROBUCTION

To reduce the peak power output of a Darrieus turbine without adversely
affecting its performance in the low and medium windspeed ranges, it is
necessary to taflor the dynamic stall characteristics of its blade
sections. Experimental investigations have shown that power regulation
may be achieved through the design of blade sections which either
passively exhibit the desired dynamic characteristics or have provisions
for active boundary layer control. A numerical model provides an
economical method for evaluating the potential usefuiness of candidate
airfoil sections. To fully characterize the performance of an airfoil,
the model should be capable of predicting the aerodynamic loads on
the airfoil in steady and unsteady motion with possible boundary layer
separation.

The aerodynamic model ADAM, whose numerical code is described herein, is
theoretically capable of performing these analysis functions. However,
in its current state of development, predictions of separated flows
cannot be reliably made due to problems associated with identifying the
boundary layer separation point. Work in this area is continuing. A
complete description of the theoretical basis of ADAM may be found in
the final report for Sandia Contract No. 52-3727.

The objective for the current report is to provide a description of the
execution and operation of the numerical code. In Chapter 2, a brief
description of the theoretical basis of ADAM and the analysis options
currently installed in the program are given. Chapter 3 contains
descriptions of the input requirements, program output, program
structure, subroutine functions, and definitions for the common block
variables. A complete listing of the program is given in the appendix
with the routines listed in alphabetic sequence. The complete FORTRAN
77 source for ADAM is available on magnetic tape and MS-DOS diskette.



2. MODEL DESCRIPTION

2.1 Theoretical Basis

The basic theoretical approach involves a coupled viscid/inviscid
representation of the flow around an airfoil. Viscous effects are
restricted to a thin boundary layer extending from the stagnation point
near the leading edge of the airfoil to the trailing edge or possibly,
to a boundary layer separation point. The inviscid flow field is
modeled as an irrotational flow with the boundaries represented by
surfaces of distributed potential singularity. These boundaries include
wake surfaces extending from the trailing edge and any boundary layer
separation points. Flow calculations are started from a state of uniform
motion for steady, unseparated flows or impulsively for unsteady flows
and flows with possible boundary layer separation. Solutions are
achieved through an incremental time stepping process.

The boundary layer calculations are based upon a momentum integral
approach for which the basic equation is
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where u, 6, ©, and C_. are the edge velocity, momentum thickness,
displaceﬁent thickness, and skin friction coefficient, respectively.
The calculations begin at the stagnation point with initial conditions
based upon wedge flow solutions. Laminar flow calculations are
continued until transition is triggered by laminar separation and
turbulent reattachment or through laminar instabilities. I[f complete
laminar separation does not occur, turbulent boundary layer calculations
are continued to the trailing edge or an intermittent turbulent boundary
layer separation point.

The various flow regimes involved in the boundary layer calculations are
illustrated in Fig.l. ’

For the irrotational flow calculations, the velocity vector at any point
in the flow is given by

G=10_+ v (2)

where G is the freestream velocity and ¢ is the disturbance potential
associated with the presence of the airfoil and wake surfaces in the
flow. The governing eguation for ¢ is the well-known Laplace equation
for which any solution may be written in the form

_ b a1 1 u ,
¢ = oy é+w g an(R) ds + om é R ds (3)
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Fig. 1 Boundary Layer Flow Regimes



In Eq. 3, the potential field is given in terms of unknown doublet and
source distributions on the airfoil and doublet distributions on the
wake surfaces. These unknown distributions are determined through the
application of boundary conditions and the development of a time
dependent solution in which the wake properties are known at each
solution instant.

The kinematic surface tangency condition regquires that the normal

relative velocity between the fluid and airfoil surface be zero. This
boundary condition may be expressed as
as

+-> > 0
av T Ut v e (4)

Applying Eq. 4 to the general expression for the disturbance potential
given in Eq. 3 yields
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In actual application, the doublet distributions on the airfoil and wake
surfaces are replaced by equivalent vorticity distributions where the
local vorticity strength is equal to the gradient of the doublet
strength.

Eq. 5 1is made tractable for numerical solution by utilizing a panel
representation of the airfoil and wake surfaces. On the airfoil,
the vorticity and source distributions are piecewise linear. With the
exception of the nascent wake element at the trailing edge (which has a
linear vorticity distribution), the vorticity distributions on the wake
surfaces are represented by lumped, discrete vortices. Boundary
conditions on the airfoil are satisfied at the element centroids and the
wake geometry is determined by tracking the motion of the discrete
vortices.

Applying Eg. 5 to the NE element representation of the airfoil (shown in
Fig. 2) with NT and NS wake elements on the trailing edge and separated

wake surfaces, respectively, produces NE simultaneous equations, i.e.,
-+ > t t s s

AriYs T 7Y% v T AR T Ay T By (6)
for i = 1 to NE
J =1 to NE
k = 1 to NT
1 = 1 to NS.

To uniquely define the circulation around the airfoil, a Kutta condition

must be applied. For steady flow, this requires that the wake vorticity
be removed to infinity and that the net vorticity at the trailing edge
be equal to zero, i.e.,

and A’ =0, (7
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For unsteady flows, the fiow is required to come off of the trailing
edge parallel to the trailing edge bisector. By establishing a control
point on the nascent wake element, this condition may be enforced by
requiring

=0- (8)

If boundary layer separation occurs, vorticity will be injected into the
wake surface emanating from the separation point at the rate

2
T Y o
a -~ 2 )

where u is the edge velocity at the separation point. The rate of
vorticity shedding at the trailing edge is determined by applying the
Kelvin-Helmholtz vorticity conservation theorem, i.e.,

drnet i de . drs . drt . (10)
dat ~ dt dt at

where I, T , and T, are the vorticity on the airfoil, separation point
wake anB tra?ling ed&e wake, respectively.

A final boundary condition is chosen such that the local airfoil element
source strength is equal to the negative of the normal velocity due to
the relative velocity between the airfoil and freestream, i.e.,

-

<>
n = —ur LIV (11)

The source strength at the trailing edge is equal to zero.

The above boundary conditions provide {2*NE+2) equations for
(2*NE+NW+NS+1) unknown source and vortex strengths on the airfoil and
wake surfaces. Solutions for steady flows are accomplished by solving a
reduced set of equations in which there are no wake terms and the
Kelvin-Helmholtz theorem 1is inherently satisfied. Solutions for
unsteady flows are accomplished by starting the motion impulsively so
that there are initially no wake surfaces. Thereafter, the wake surface
at each time step is generated on the basis of the previous time step’s
solution so that the wake terms in Eq. 6 are known at all times and the
number of unknowns is reduced by (NS+NW-1).

Once a solution for the source and vorticity strengths has been
determined, the airloads can be calculated from the unsteady Bernoulli
equation,

P=pP-p (24142, (12)

Behind a boundary layer separation point, consideration must be given to
the change in the total head of the flow by an amount equal to the
vorticity shedding rate.



2.2 Analysis Options
The current implementation of ADAM allows six basic types of solution:

steady motion without boundary layer separation (Fig. 3)
impulsively started rectilinear motion (Fig. 3)

constant rate pitching motion (Fig. 4)

sfnusoidal pitch oscillations (Fig. 5)

sinusoidal plunging motion (Fig. 6)

Simulated Darrieus motion (Fig. 7).

* %x % %X * ¥

In all solution types, the input and output parameters are
nondimensionalized by the airfoil chord length and freestream velocity.
For an airfoil in unsteady rectilinear motion, the time scale is
nondimensionalized to yield ~
t =y t/c . (13)

An airfoil undergoing constant rate pitching has its angle of attack
determined by

a = e°+ wt (14)

and in nondimensional form as

we uwt
a = eo + G: —E* (15)
or ~
a = 90 + wt ° ‘(16)

The corresponding relation for an airfoil in periodic pitch oscillations
is

ut
= oG _®
a = eo + cos T 17
or ——
a = eo + cos wt ¢ (18)

For an airfoil in periodic plunging motion, the instantaneous lateral
position is given in nondimensional form as

Y we uwt

1
0
O
v

I

Ya
°c (19)

or

~a~

Ya = Ymaxcos wt (20)

A one-biaded Darrieus turbine is simulated by utilizing an unsteady,
translational airfoil motion which produces the same angular orientation
and relative velocity between the airfoil and fluid.

Referring to Fig. 7, the approximate instantaneous relative velocity
between the freestream and a Darrieus turbine blade is given by

*
u,. = Rw + u_cos ut . (21)



An equivalent relative velocity can be generated in an unsteady
transliational airfoil motion by utilizing a freestream velocity
equivalent to the blade-speed of the Darrieus turbine and an airfoil
motion which produces a periodic relative velocity of magnitude equal to
the actual freestream velocity, i.e., for the simulation,

u = - y
pT YT Uy (22)
where U = Rw
Q0
*
U = ~u_ cos wt,
a -3

Nondimensionalizing by the freestream velocity (Rw in the simulation)
and the airfoil chord length yields

*
v} u

ﬁ% =1 + ﬁi cos Rﬁt % (23)
or ~ 1 ~ o~
u. = I + ) ¢os t/R ° (24)
The time dependent airfoil translational position 1is found by

integrating the airfoil velocity expression which yields
*
UW
X = - — sin wt. (25)
a w
Nondimensionalizing by the freestream velocity (tip-speed) and chord
length results in

a =R . Rat c
= - z— < sin —/—

Rw ¢ c R (26)

or ~ ~ - o~
Xa= R/x sin t/R .

For the Darrieus turbine as represented in the simulation, the angle of
incidence between the relative velocity vector and the blade is
*
-1 u, sin wt
a = tan " { m } o (27)
Ruw + u_ cos wt

Nondimensionalizing yields

sin Rwt ¢
-1 c R -
c-tan{&+ &*E_C_} (28)
. cos c R
Um
~1 sin £/R
or a=tan { —m——= } . (29)
A + cos t/R



Fig. 3 Airfoil at Constant Angle of Attack
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Fig. 4 Airfoil in Constant Rate Pitching



Fig. 5 Airfoil with Periodic Pitch Oscillations
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Fig. 6 Airfoil with Periodic Lateral Plunging Motion
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Fig. 7 Translational Simulation of the Blade
Motion of a Darrieus Turbine
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3. PROGRAM DESCRIPTION

This chapter contains adequate information to allow the preparation of
data decks for ADAM, interpretation of output, and program revisions.

3.1 Input Requirements

The following is a list of the data images required to execute ADAM and
a sample data file.

HEADER - format: 50H
Arbitrary program heading used to document analysis.
REY,STEADY,TECON - format: E11.3,1X,L1,F10.4

Reynolds number based on chord length and freestream velocity.

Logic variable used to select a steady or unsteady analysis.

Distance from the trailing edge to the control point of the nascent
vortex given as a percent of chord.

NE,RX,RY,THETA,Al,SHIFT - format: 13,2fF8.5,F7.5,A1,F8.5

Number of elements used to model airfoil surface.

Initial X and Y coordinates (nondimensionalized by the chord length)
of the airfoil reference system with respect to the inertial
reference system.

Initial angular orientation of the airfoil reference system with
respect to the inertial reference system - equivalent to the
angle of attack. -

Alphanumeric variable which indicates that THETA was given in
degrees (instead of radians) when Al="D’.

Chordwise position of the airfoil fixed reference frame.

BODY,NDO,ND1,ND2,ND3 - format: A4,I1X,411
Airfoil type: NACA, CYLNder, laminar airfoil (default).
Four digit NACA airfoil designation - unnecessary for cylinder or
laminar airfoil.
MCASE ,THTO0,A2,0MEGA,A3 - format: 15,F9.7,A1,FS.7,Al
Body motion desfgnation: | ~ Impulsively started rectilinear motion.

2 - Sinusoidal oscillations in pitch.

12



3 - Sinusoidal lateral plunging motion.
4 - Darrieus turbine simulation.
Depending upon the body motion selected, the value input for THTO

will specify the mean angle of attack for sinusoidal pitch
oscillations or starting angle for a constant rate pitching
motion.

Alphanumeric variable which indicates that THTO0 was given in degrees
(instead of radians) when A2="D’.
The pitch rate for a constant rate pitching motion given in angular
units per chord length of travel.
Alphanumeric variable which indicates that OMEGA was given in
degrees (instead of radians) per chord length of travel when
A3="D".

THTMAX,A4,PLGMAX,FREQ - format: F9.7,A1,F10.7,F10.7

Oscillation amplitude (degrees) for sinusoidal pitch oscillations -
no meaning for other body motions.

Alphanumeric variabie which indicates that THTMAX was given in
degrees when Al="D"’.

Lateral piunging motion displacement amplitude (non-dimensionalized
by the chord length) - no meaning for other body motions.

Frequency of either pitch or plunging oscillations in radians per
chord length of travel.

RADIUS,RAMDA - format: 2F10.4

Radius (non-dimensionalized by chord length) of a simulated single
bladed Darrieus turbine - no meaning for other body motions.
Tip-to-windspeed ratio for a Darrieus turbine - no meaning for other

body motions.

XSTA(K), K=1, NE/2+1 - format: F8.5

Chordwise stations (non-dimensionalized by the chord) of element
endpoints given in trailing to leading edge sequence with
respect to a reference system at the leading edge of the
airfoil. These card images are not read for the ‘CYLN’ body
type.

PXTEM(K) ,PYTEM(K), K=1,62 - format: 2F10.5

Surface coordinates (given below) for an NLF - 0416 airfoil. The
element endpoint coordinates used in the analysis will be the X
stations specified in the previous card images and an
interpolation from the NLF - 0416 data. These card images are
not read for the ‘NACA’ and 'CYLN’ body types.

001.00000 000.00000 (= PXTEM, PYTEM (NLF-0416)
.99633 .00065
.98520 .00242
.96638 .00478
.93978 .00696
.90576 .00792
.86536 .00667

13



.82012
.77156
72107
.67014
.62019
57122
52175
.47150
.421217
.37167
.32326
.27659
.23218
. 19050
. 15200
.11708
.08609
.05933
.03708
.01956
.00709
.00073
000.00000
.00049
.00509
.01393
.02687
.04383
.06471
.08936
11761
. 14925
. 18404
.22169
.26187
.30422
.3483%9
.39438
.44227
.49172
.54204
.59256
.64262
.69155
.73872
.78350
.82530
.86357
.89779
.92749
.95224
.97197
. 98686
. 99656
1.00000

000

.00278
.00364
.01221
.02231
.03250
.04063
.04614
.05009
.05291
. 05462
.05529
.05494
.05357
.05121
.04787
.04361
.03847
.03254
.02594
.01883
.01154
.00439
.00000
.00403
.01446
.02573
.03729
.04870
.05964
.06984
.07904
.08707
.09374
.09892
.10247
. 10425
. 10405
.10162
.09729
.09166
.08515
.07801
.07047
.06272
.05493
.04724
.03977
.03265
.02594
.01974
.01400
.00862
.00398
.00098
.00000

14



The following is a sample data file:

IMPULSIVELY STARTED NACA 0012 AT 10 DEG. AOA
00010 0000.1000 0190 <{--- NSTEPS, DT, NWMAX
001.000D+06 F 0002.0000 <--- REY, STEADY, TECON
028 0.00000 0.00000 010.00D 0.25000 ¢--- NE, RX, RY, THETA, SHIFT
NACA 0012 <{--- BODY, NDO, NDI, ND2, ND3
00001 000.0000D 000.0000R ¢(--- MCASE, THTO, OMEGA
000.00000D0 0.0000000 0.0000000 <{--- THTMAX, PLGMAX, FREQ
00000.0000 0000.0000 <--- RADIUS, RAMDA

1.0000 {--- XSTA

.9600

.9000

.8200

.7100

.6000

.4950

.3900

.2900

. 1900

. 1050

.0520

.0200

.0050

.0

3.2 Program Output
Each execution of ADAM provides the following basic elements of output:
INITIALIZATION

* echo of input data
* airfoil geometric parameters including:
- airfoil ref. frame and surface coordinates of element endpoints and
centroids :
- normal and tangential unit vector components at the element
centroids
* source and vorticity influence coefficient matrices

INCREMENTAL TIME STEP SOLUTIONS

* airfoil position and velocity with respect to the inertial reference
frame

* angular transformation matrix for coordinate transformations between
the inertial and airfoil fixed reference frames

* separation data from the previous time step, if any

* breakdown of the contributions to the normal downwash on the airfoil

* source and vorticity distributions determined for the current time
step

15



* coordinates and strengths of all wake vortices after convection to

new locations
* total bound vorticity
® stagnation point location

* development of boundary layer parameters with locations of transition

and separation
* pressure distribution
* integrated airloads

3.3 Subroutine Calling Sequence

The following provides a flow chart of the calling sequence

subroutines in ADAM.

MAIN
INPUT
NACAGM
GEOM
COEFA
VORTEX
DECOMP
COEFB
SOURCE
MOTION
WAKVEL
GETVEL
SOURCE
VORTEX
LMPVTX
TEGEOM
CROSS
NACAGM
SPGEOM
CROSS
NACAGHM
WAKINF
VORTEX
LMPVTX
DECOMP
DWASH
SOLVE
GETVEL
SOURCE
VORTEX
LMPVTX
SEPCAL
SPDATA
BNDL
STAG
LAMBL
GRAD
RKM44
F

16
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TRANS

TSEP
TURBL
GRAD
RKM44
F
TRANS
TSEP
DBNDL
DSTAG
DLAMBL
DGRAD
DRKM44
DF
DTRANS
DTSEP
DTURBL
DGRAD
DRKM44
DF
DTRANS
DTSEP

CPDIST

3.4 Subroutine fFunctions

The following is a short description of the function of each subroutine

in ADA

M.

Subroutine Functions:

BNDL ,DBNDL -Interface to potential flow routines and driver for boundary

COEFA

COEFB

CPDIST

cov

CROSS

DECOMP

layer calculations on upper and lower sides of the airfoil,
respectively.

Calculates the normal induced velocity coefficient matrix
associated with the airfoil surface vorticity distribution,

Calculates the normal induced velocity coefficient matrix
associated with the airfoil surface source distribution.

Calculates the pressure coefficient distribution on the
airfoil and the integrated alirloads.

Calculates the center of vorticity of a linearly distributed
vorticity element.

Adjusts coordinates of separated wake vortices to maintain a
minimum separation with airfoil surface.

Performs an LU decomposition of the influence coefficient

17



matrix A.

DWASH - Calculates the source and freestream induced normal downwash on
the airfoil.

F,DOF -~ Solves simultaneous equations involved in Runge-Kutta
integration method.

GEOM - Evaluates the airfoil element geometric parameters.

GETVEL - Evaluates the total disturbance velocity at specified point.

GRAD,DGRAD - Evaluates the surface gradient of the edge velocity.

INPUT - Reads and interprets problem definition data set.

LAMBL,DLAMBL - Predicts the development of the laminar portion of the
boundary layer on the upper and lower surfaces of the airfoil,

respectively.

LMPVTX - Evaluates the velocity induced by a lumped vortex.

MAIN - Mainline routine which controls overall program execution.
MOTION - Calculates the instantaneous rectilinear and angular velocity

of the body and evaluates the transformation matrix between the
body-fixed and inertially-fixed reference frames.

NACAGM - Generates surface coordinates for NACA four digit airfoils.
RKM44 - Fourth order Runge-Kutta solution routine.

SEPCAL - Interface to boundary layer calculations, provides separation
point properties for potential flow calculations.

SOLVE - Solves for unknown airfoil vorticity distribution.
SOURCE - Evaluates the velocity induced by an airfoil surface element.

SPDATA - Provides tabulated boundary layer separation point locations as
a function of angle of attack.

SPGEOM - Computes new geometry for wake surface emanating from boundary
Jayer separation point.

STAG,DSTAG - Determines the initial boundary layer characteristics at
the stagnation point for the upper and lower surfaces,
respectively.

TEGEOM - Computes new geometry for wake surface emanating from airfoil
trailing edge.

TRANS,DTRANS - Tests for the transition from a laminar to a turbulent
boundary layer on the upper and lower surfaces of the airfoil,

18



respectively.
TSEP,DTSEP - Tests for the intermittent separation of the turbulent

boundary layer on the upper and lower surfaces of the airfoil,
respectively.

TURBL,DTURBL - Predicts the development of the turbulent portion of the
boundary layer on the upper and lower surfaces of the airfoil,
respectively.

VORTEX - Calculates the velocity induced by an airfoil vortex element.

WAKINF - Calculates the normal downwash on the airfoil due to the wake
surfaces.

WAKVEL - Calculates the total induced disturbance velocity in the wake
surfaces.

3.5 Common Block Variable Definitions
The critical variables involved in the calculations performed by ADAM

are contained in fifteen common blocks. A short description of each of
these variables is given below.

BLKO : STEADY

Logic variable indicating a steady (true) or unsteady
analysis.

USEP - Logic variable indicating that the boundary layer is
separated from the upper surface of the airfoil.
DSEP - Logic variable indicating that the boundary layer is

separated from the lower surface of the airfoil.

|

BLK! : NSTEPS Total number of time steps.

NT - Current time step.

NE - Number of elements on the airfoil surface.

NDO,ND1 ,ND2,ND3 - Four digit discriptor for a NACA series
airfoil.

MCASE - Body motion case number.

P - LU decomposition pivot array.

BLK2 : PI - 3.14159265358979267

TWOP1I - 2 * PI

REY - Reynolds number based on chord length and freestream
velocity.

RX,RY -~ Vector coordinates of the airfoil fixed reference frame
with respect to the inertially fixed frame.

THETA -~ Angular orientation of the airfoil fixed reference frame

with respect to the inertially fixed frame.
SHIFT - Chordwise distance between the leading edge of a NACA

afrfoil and the origin of the airfoil fixed reference
frame.

DT ~ Time step duration.

TECON - Distance from trailing edge to nascent vortex control
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BLK3 :

BLK4

BLKS

BLK6:

BLK7:

BLKS8:

.
.

point.

PX,PY - Array of element endpoint coordinates.

CX,CY ~ Array of element centroid coordinates.

S - Array of surface coordinates of the element centroids.
SP - Array of surface coordinates of the element endpoints.
DSBD - Array of element lengths,.

ESX,ESY - Array of element tangential unit vectors.

ENX,ENY - Array of element normal unit vectors.

ETN - Array of angles between the element tangential unit
vectors and the x axis of airfoil ref. frame.

A - Surface vorticity induced, normal velocity coefficient
matrix.

B - Surface source induced, normal velocity coefficient
matrix.

DW - Array of the total downwash on the airfoil elements due
to the relative motion between the airfoil and
freestream, vorticity distribution on the wake, and
source distribution on the airfoil.

PERMA - Storage matrix for original normal induced velocity

coefficient matrix.

UBX,UBY - Velocity vector of the airfoil fixed ref. frame with
respect to the inertial ref. frame.

OMEGA - Angular velocity of the airfoil fixed ref. frame with
respect to the inertial ref. frame.

THTO - Median angle of attack for an airfoil oscillating in
pitch

THTMAX - Amplitude of sinuscidal angle of attack oscillations.

FREQ - Frequency of angle of attack oscillations or lateral
plunging motion.

PLGMAX - Amplitude of sinusoidal lateral plunging motion.

RAMDA - Tip-to-Windspeed ratio for a Darrieus turbine motion.

RADIUS - Darrieus turbine radius.

URX,URY - Array of relative veiocity vectors between the element
centroids and the freestream velocity.

Array of the normal velocity induced at the element
centroids due to the source distribution on the airfoil.
Array of the normal relative velocity component between
the element centroids and the freestream velocity.

Array of the normal velocity induced at the element
centroids due to the vorticity distribution on the wake
surface extending from the trailing edge.

Array of the normal velocity induced at the eiement
centroids due to the vorticity distribution on the wake
surface extending from the boundary layer separation
point.

c

D

m™m
[

-
!

SIGMA

Array of the airfoil source distribution strength at the
element centroids.

Array of the airfoil vorticity distribution strength at
the element endpoints.

GAM
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BLK9:

BLK1O:

BLKLI:

BLK1Z:

BLK13:

BLK14:

BLK15:

CP - Array of pressure coefficients at the element centroids.

TANVEL - Array of the tangential component of the relative
velocity between the airfoil and freestream at the
element control points.

EDGVEL - Array of the total tangential velocity at the element
control points.

GAMVEL - Array of the self-induced tangential velocity at the
centroid of each element control point.

CIRCU - Total bound vorticity on the airfoil surface.

STAGPT - Surface coordinate at which the EDGVEL is zero.

CONST - Undefined and not utilized.

T - Transformation matrix for inertial to airfoil fixed
coordinate changes.

NTEV - Number of wake elements in the wake surface extending
from the trailing edge.

NSPV - Number of wake elements in the wake surface extending
from the boundary layer separation point.

NWMAX - Oldest trailing edge wake element for which
contributions to the disturbance velocity field are
included.

NOSP - Number of airfoil element on which boundary layer
separation occurred.

NSTAG - Number of airfoil element on which the stagnation point

oCccurs.

TEVX,TEVY - Array of inertial coordinates of the wake elements
generated from the trailing edge.

TEVS - Array of strengths of the wake elements generated from
the trailing edge.

DSTE - Length of the nascent wake element generated at the
trailing edge.

TELS - Strength of the vorticity distribution at the upstream
edge of the nascent trailing edge wake element.

TERS - Strength of the vorticity distribution at the downstream

edge of the nascent trailing edge wake element.

SPVX,SPVY - Array of inertial coordinates of wake elements
generated at the boundary layer separation point.

SPVS - Array of strengths of the wake elements generated from
the boundary layer separation point.
DSSP - Length of the nascent wake eiement generated at the

boundary layer separation point.

TE2X,TE2Y - Inertial coordinates of the downstream edge of the
nascent wake element generated at the trailing edge.

SP2X,5P2Y - Inertial coordinates of the nascent vortex generated
at the boundary layer separation point.

SPX, SPY - Coordinates of the boundary layer separation point
with respect to the airfoil fixed ref. frame.

UXTE,UYTE - Array of the inertial velocity vectors for the wake
elements generated at the trailing edge.

21



UXSP,UYSP - Array of the inertial velocity vectors for the wake
elements generated at the boundary layer separation
point.
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APPENDIX

Program Listing of Adam
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PF 2.0 5/17/84 0:42:47 E: \ADAM\ENDL. FOR Fage 1

SUBRDUTINE BNDL(USURF,S,NE, STAGFT, REC, SPPS, SEPRT,NT, DT)
1538 36 35 36 35 35 36 3430 36 35 336 35 3 G0 T3 B 3 30 3 3436 3 3 3035 1 3 36 336 36 3 H 4 36 36 31
o MAIN FROGRAM FOR BOUND CHECKOUT C
(2036 26 36 30 36 45 30 36 36 34 3 45 35 30 3645 3630 3 3 30 36 3 35 38 36 36 36 3 36 36 36 36 36 34 36 36 3

IMPLICIT REAL#E(A-H,0~2)

REAL#*Z USURF(1),5(1),STAGPT, REC, SPPS

LOSICAL SPRT,SEPRT

COMMON/VEL /U(150) , X (150) | NS

COMMON/FIN/RST,FT, AT, 5T, HT, XNS, XNL, XNT, TURB, NTM

COMMON/OLD/0AT (150) , ODSL (150) , DXNL, ONT, ONSEP , XSEP | OXSEF

COMMON/BLI/ZHI, THEI, RTHI

COMMON/PTN/ SPRT

DO 10 I=1,NE

(1) =USURF (1)

10 X{1)=5(I)

NS=NE

XNS=5TAGPT

REL=REC

ONSEP=0, DO

DXSEF=X (NE)

NTM=NT

DELT=DT

XSEP=SPPS

SPRT=SEPRT

DXNL=XNS

CALL STAG(REL,HIL, THEIL)

TURB=0. DO

CALL LAMBL (%20, DELT,HIL, THEIL,REL)

TURB=1. DO

CALL TURBL(DELT,HI,THEI,REL)

SPPS=XSEP

SEPRT=SPRT

20 RETLRN
END
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FF 2.0 S/17/24 1:45:48 E: \ADAM\COEFA.FOR Page 1
SUBROUTINE COEFA

THIS ROUTINE IS TO COMPUTE COEFFICIENTS FOR THE NORMAL DOWNWASH
CONTRIBUTION DUE TO VORTEX DISTRIBUTION

[ e B v B

IMPLICIT REAL#E (A-H,0-7)
REAL#*E CCX(41),CCY(41) CDX(41),CDY(41) , TEMPA(41)
LOGICAL STEADY,USEP, DSEF

COMMON/BLEO/STEADY , WSEP, DSEP

COMMON/BLK1/NSTEPS,NT,NE, NDO,ND1,ND2,ND2, MCASE, IP(40)
COMMON/BLEZ/PT, TWORI,REY,RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLES/FX(41) ,PY(41) ,CX(40) ,CY(40),5(40),5P(41),DSBD(40)
COMMON/BLEA/ESX(41),ESY (41) ,ENX(40),ENY (40} ,ETN(40)
COMMON/BLES/A(40,40) ,B(40,40) ,DW(40) ,PERMA (40, 40)
COMMON/BLEA/URX, UBY, OMEGA, THTO, THTMAX, FRER, PLGMAX , RAMDA, RADIUS
COMMON/BLK7 /URX (40) ,URY (40) ,C(40),D(40)  E(40),F(40)
COMMON/BLEKE/SIGMA(40)  GAM(40) ,CP(40)
COMMON/BLKS/TANVEL (403 |, EDGVEL (40) , GAMVEL (40)
COMMON/BLK1O/CIRCU, STAGFT, CONST, T(2,2)
COMMON/BLELL/NTEV, NSPV, NWMAX , NOSF  NSTAG
COMMON/BLK12/TEVX(201) , TEVY (201) ,TEVS(2N1) ,DSTE | TELS, TERS
COMMON/BLELZ/SPVYX(201) , SPVY (221) [ SPVS(201) ,DESP
COMMON/BLELA/TEZX, TEZY, SPZX, SP2Y, SFPS, SPX, SPY
COrMON/BLELS/UXTE(201) ,UYTE(201) ,UXSF(201) ,UYSP(201)

L]

DO 1050 I=1,NE+Z2
IF(I.ER.NE+1) GO TO 1050

GET THE INDUCED VELOCITY FROM JTH SOURCE TO ITH FIELD WRT BFF

T3

DO 1000 J=1,NE
CALL VORTEX(CX (), CY (D ,CX(I),CY (D) ESX (D) ,ESY (D), DSBOC.J),
& VVLX, WY, WzX, VV2Y)
COX ()=, 5D0#VVIX-VWW2X/DERD ()
LCY (J) =, SDO#YV1Y-VWZY/DSBD (J)
COX () =, SDO#VIX+VWEX/DEBD(.D
COY ¢ =, SD0#VW1Y+VWW2Y/DSBD (J)
1000 CONTINUE

u

D]

GET THE COEFFICIENTS "A"

i3

AT, 1)=ENX (1) #CCX(1)+ENY (1) #CTY (1)
A(I, NE+1)=ENX (I)#CDX (NE)+ENY (I)#CDY (NE)
DO 1010 J=2,NE
AT, JY=ENX ()% (COX (J=1)+CCX () ) +ENY (1) # (CDY (J—1)+CCY (L))
1010  CONTINUE
1050 CONTINUE

Y

BRANCHING FOR STEADY CASE

=

IF(STEADY) GO T0O 2000

A(NE+1,1)=,5DO%DSBO(1)
A(NE+1, NE+1)=.5D0O#DSBD (NE)
Do 1060 J=2,NE
A(NE+1, J)=,5D0% (DSBO(J-1)+0SBO(.1))
1060 CONTINUE

b

C PRINT THE COEFFICIENTS "A"
25




PF 2.0 S/17/84 11446214 E: \ADAM\COEFA. FOR

WRITE (&, 4000)
DD 1080 K=1,NE+2
WRITE(&,6010) K, (A(K, L), L=1,6NE+1)
1020 CONTINUE

S5AVE MATRIX A IN PERMANENT FLACE FOR LATER USE

OO 104646 I=1,NE+2Z
Do 1066 J=1,NE+]
FERMACT, D =A(I, 1)
10464 CONTINUE
[

RETURN

[

CASES FOR STEADY STATE

oo

2000 CONTINUE
WRITE (&, 6020)
Do 2010 K=2,NE
A(NE+1,K)=0.D0
2010 CONTINUE
A(NE+1,1)=1.D0
A(NE+1,NE+1)=1.D0

RETURN
r

Page 2

4000 FORMAT(///° ##### COEF. "A" FOR VORTEX DISTRIBUTION #¥##%7//)

5010 FORMAT(" ROW-,I3,9(1X,E10.4,1X),90(/7X,?(1X,EL10.4,1X)))

LOZ0 FORMAT (/777 #3333 53035 3340303030303 30 3030 3046 3 3 303030 330 30 S H PR HHHHH 7

& /7 waeaaEsswwdr STEADY STATE

H AR

& /7 IR R H I WM RRR /)

END
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FF 2.0 5/17/84 1844333 E: \ADAM\COEFE. FOR Page 1

SUBROUTINE COEFB

N

©

THIS ROUTINE IS TO COMFUTE THE COEFFICIENTS FOR NORMAL VELOCITY
COCONTRIBUTION DUE TO THE SOURCE DISTRIBUTION

Do B e B 1

IMPLICIT REAL#E (A-H,0-7)
REAL#8 CEX(41) ,CEY(41) ,CFX(41) ,CFY(41),06X(41),0GY(41)

COMMON/BLEO/STEADY , USER, DSEF

COMMON/BILK L /NSTEPS, NT, NE, NDO, NO'L, NDZ, NDE, MCASE | IF (40)
COMMON/BLEZ/FT, TWOFT, REY, KX, RY, THETA, SHIFT, DT, TECON
COMMON/BLEZ/FPX(41) ,PY(41),0X(40) ,CY(40) ,5(40)  SP(41),DSED(40)
COMMON/BLEA/ESX (41),ESY (41),ENX(40)  ENY (40) ,ETN(40)
COMMON/BLES/AC40, 40)  B(40,40) , DW(40) , PERMA (40, 40)

CEMMON/BLEG ZUBX , UBY | OMEGA, THTO, THTMAX , FRER, PLGMAX , RAMDA, RADTUS
COMMON/BLE7 ZURX (40) JURY (40) | Z(40)  D(40) JE(40) ,F(40)
COMMON/BLES/SIGMA (40) |, GAM(40) | CF (40)

COMMON/BLES / TANVEL (40) , EDGVEL (40 , GAMVEL ( 40)
COMMON/BLELO/CTRCU, STAGET, CONST, T(2, 2)
COMMON/BLELL/NTEY, NSFV, NWMAX | NOSF | NSTAG
COMMON/BLELZ/TEVX (201) , TEVY (201) , TEVE(201) , DSTE, TELS, TERS
COMMON/BLE13/SPUX (201)  SPYY (2010, SPVE(201 ), DSSF
COMMON/BLEL4/TE2X, TEZY, SP2X, SP2Y, SFPS, SPX, SPY

COMMON/BLE LS /UXTE (201)  UYTEC201)  UXSF (201) , UYSP(201)

Do 1050 I=1, NE+2
IF{I.EQ.NE+1) GO TO 1050

COGET THE INDUCED VELOCITY FROM JTH SOURCE TO ITH FIELD WRT BFF

00 1000 J=1,NE
TEMF1=2.D0/DSBO(1)
TEMP2=2, D0/ DSRD(NE )
IF(J.NE. 1) TEMP1=2, D0/ (DSED(J-1)+DSBD(.J))
IF (J NE.NE) TEMPZ=2.D0/ (DSED(.4+1)+DSED(J))
CALL SOURCE (X (), CY L) SXCI) ,CY (D), ESX () ESY (D), DSBO(.D),
& VE1X,VE1Y, VELX, VELY, VERX, VSRY)
CEX () =—TEMF 1 #VSLX
CEY () =-TEMF 1 #VELY
CFX (1) =VS1X+TEMF 1 #VSLX~TEMFZ#VSRX
CFY () =VE1Y+TEMP 1 #VSLY~ TEMP2#VERY
CGX () =TEMP2#VERX
LY () =TEMP2#VSRY
100G CONTINUE
[
L COMPUTE THE COEFFICIENTS “BY

BCI, 1)=ENX(I)# (CFX (1) +CEX (2))+ENY (1) # (CFY (1) +CEY(2))
B(I,NE)=ENX (L)% (CHX(NE-1)+CFX(NE) }+ENY (1) #(CGY (NE—1)+CFY(NE))
O 1010 J=2, NE-1
BOI, )=ENX (1)# (CGX (J=1)+CFX () +CEX (J+1))
% +ENY (1) % (ZGY (=1 ) +CFY () +CEY (J+1))
1010 CONTINUE

[N
1050 CONTINUE

L PRINT THE COMPUTED COEFFICIENT "B

i

WRITE (&, £000)
DO 1100 =1 NE+2Z 27



FF 2.0 5/17/84 1:47:01 E: \ADAM\COEFB. FOR Fage 2

WRITE(A,6010) K, (B(E L) ,L=1,NE)
1100 CONTINUE
C
RETURN
C
&O00 FORMAT(///77° w##xw% COEF. "B" FOR SOURCE DISTRIBUTION st##u#x-//)
010 FORMAT( ROW-, I3, 9(1X,E10.4,1X),50(/7X,9(1X,E10.4,1X)))
C
END
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PF 2.0 5/17/84 1:47:08 E: \ADAM\COV.FOR Page 1
REAL FUNCTION EOV(SL,SR)
IMPLICIT REAL#S (A-H,0-2)
TEMFP1=SL+3R
COoV=.5D0
IF(TEMP1.EG.0.D0) RETURN
Cov=(1,D0+5R/TEMP1)/32.00
RETURN

END

29



FFE 2.0 5/17/84 1:47:23 E: \ADAM\CPDIST. FOR Page 1

SUBROUTINE CPDIST

P I ]

THIS ROUTINE TO CALCULATE THE PRESSURE DISTRIBUTIONS

[

IMPLICIT REAL#E (A-H,0-Z)

REAL#8 T1(40),T2(40),T3(40),T4(40),T5(40) ,TL(40)
REAL#S OLDVEL (40) , DISVEL (40)

LOGICAL STEADY,USEFR,DSEFR

L}

COMMON/BLEO/STEADY , USEF , DSEF

COMMON/BLEK 1 /NSTEPS, NT, NE, NDO,ND1,NDZ, ND3, MCASE , IF (40)
COMMON/BLKZ/PT, TWOPI, REY, RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLKS/FX(41),FY (41}, CX(40) ,CY(40),5(40) ,SF(41) ,DSBD(40)
COMMON/BLEAG/ESX (A1) ESY(41) ,ENX(40) ,ENY (40) ,ETN(40)
COMMON/BLKS/A (40, 40)  B(40,40) , DW(40) ,FERMA (40, 40)

COMMON/BLKE /UBX , UBY , OMEGA, THTO, THTMAX , FRER, PLGMAX , RAMDA, RADIUS
COMMON/BLET /ZURX (40)  LURY (40}, 5(40) , TI(40) |E(40) ,F (40)
COMMON/ELES/SIGMA(40) , GAM(40) ,CF (40)
COMMON/BLKS/ TANVEL (40) , EDIGVEL (40) , GAMVEL (40)
COMMON/BLE10/0IRCU, STAGPT, CONST, T(2,2)

COMMON/BLE L1 /NTEV, NSPV, NWMAX , NOSF , NSTAG
COMMON/BLK12/TEVX (201), TEVY (201), TEVS(201) , DSTE, TELS, TERS
COMMON/BLE 13/5PVX (201) , SPVY (201) , SPV3(201) , DSSP

COMMON/BLK 14/ TEZX, TE2Y, SP2X, SP2Y, SFFS, SPX, SPY
COMMON/BLE1S/UXTE(201)  UYTE(201)  UXSF(201) ,UYSP(201)

COMPUTE THE PRESSURE DISTRIBUTION

i w]

WRITE (&, &000)

0d 1000 E=1,NE
OLDVEL (K =DISVEL (K}
DISVEL (K)=EDGVEL (K)-TANVEL (K)
T1(K)=(DISVEL (K)-OLIVEL{K)) /0T
IF(STEADY.OR.NTLER,0) T1(kK)=0.D0
T2 =DISVEL (K # (LURX (K) #ESX (K) +URY () #ESY (K))
T =D{K ) #D KD
T4(E)=DISVEL (K)Y#DISVEL (K)
TSR =T2(K) -, SO TI ) +. 3DO* T4 (K)

1000 CONTINUE
C

T1STG=TL(NSTAG-1)+{T1{NSTAG)-T1(NETAG~1))+

% (STAGFT-5(NSTAG-1)) /(S (NSTAG)-S(NSTAG-1))
TESTG=TS (NSTAG=1 )+ (TS(NSTAG) ~TS(NSTAG-1) ) # (STAGPT~S (NSTAG—~1) )}/
% (S (NSTAG) -5 (NSTAG-1))

Do 1010 E=1_NE
CRK)Y=0.00
TS (Y =TS () -TIETH
1010 CONTINUE
C
TAINSTAS) =. SO0#(TISTG+TLINSTAG ) ) # (S (NSTAG)Y-STAGFT)
0O 1020 K=NSTAG+1 ,NE-1
TE(E)=TE(E~1)+. 500 (T1 (4TI {(K~1) ) # (S(K)-S(kK-1))
1020 CONTINUE
T&INE}=TA(NE~1)+.SO0#(T1{(NE)+T1(NE~-1))# (S(NE)-S(NE-1))+
% (SPINE+1)~S(NE))#T1(NE)

T&INSTAG-1)=.500%# (TISTG+T1 (NSTAG-1) ) # (S(NSTAG-1)-STAGFT)
DO 1030 K=NSTAG-2,2,~-1
TEEI=TE(K+1)+, SO0 (T1 (k) +T1(K+1) ) # (SUHD—S(K+1))

3Q
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L

L

Ty O

L ]

L]

1030

1040

1045

100

1043
200

NG

1050

PRE

E: \ADAM\CPDIST.FOR - FPage

CONTINUE
TE(L) =TA(2)+.SD0# (TL(1)+TL (2D I#(S(1)=S(2))+(SP(1)-5(1))#T1(1)

DO 1040 K=1,NE
CPE)==2.DO#(T&(ED)+TS(K))+1.D0
CONTINUE

IF (.NOT. (USEP. OR.DSEF)) GO TO 200
ADDCP=2. DO*SPVS(2) /DT
IF(DSEF) GO TO 100
IF (SFPS.LE.S(NOSF)) CP(NDSP)=CP (NOSP)+ADOCP
DO 1045 K=NOSP+1,NE
CP (K) =CP (K ) +ADLICP
CONTINUE
50T 200
ADDCF=—ADDCE
IF (SPFS. GE. S(NOSF) ) CP (NDSF)=CP (NOSP ) +ADDCF
DD 1048 K=NOSP-1,1,-1
CP () =CP (£)+ADDCF
CONT INUE
CONTINUE

WRITE (6,010 (K, CX(K) ,CRK) , TH(K) , T2(K) , TEK) , T4(K) | TS (K)
% TELK) , K=1,NE)

W GET THE INTEGRATED FORCE COEF. 7S

CN=0.

£T=0,

WRITE (&, 6020)

DD 1050 K=1,NE
CN1=-CF (K ) *ENY (K)
CT1=-CP (K) #ENX (K)
CL1=CT1#T(1,2)+CN1#T (2, 2)
COI=CTL#T (L, 1I+CNI#T (2, 1)
CN=CN+CN1#DSBOCK)
CT=CT+CET1%DSBIN(K)
WRITE(4,4030) K,CN1,CTL,CLL, CD1, DSBOCK)

CONT INUE

CL=CT#T (1, 2)+0N#T (2, 2)

CO=CT#T(1, 1)+CN#T(Z, 1)

SSURE CALCULATIONS FOR DARRIEUS CASE

IF(MCASELNE.S) GO TO 200

CDE=. Q051 2D0#CL#*CL+. 00ADO

CN2=CI2#T (2, 1)+CL#T(2,2)

CT2=CO2#T(1, 1)+CL#T(1,2)

FiN=CNZ#RAMDA*RAMDA

FT=CT2#RAMDA*RAMDA

TEMP=DCOS(FLOAT (NT)*DT/RADIUS)

FN=FN-TWOFI# (. 23D0#*RAMDA*RAMDA/RADI LS+, SDO#RAMDA*TEMP /RADILS)

TANG=THETA#180.D0O/F1
RANG=FLIOAT (NT ) #DT/RADIUS#180.DO/PI

WRITE (&, 6040) NT,CL,CN,FN, RANG,NT,CD,CT,FT, TANG

RETLIRN

31
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300 CONTINUE
TEMP=-THETA#180, DO/F1I
WRITE(4,6040) NT,CL,CN,ADDCP, TEMF,NT,CD,CT, TEMP
C
RETURN
[
000 FORMAT(///° ###%# CP DISTRIBUTIONS ®a%#:#c//
2 7 OND.“,BX,“CX7,12X,"CP 7, 12X, TL7,12X,"T2°,12X,“T37,12X,“T4"/)
6010 FORMAT(CLIX, I3,3X,801X,D12.6,1X)))
6020 FORMAT(/- K- ,8X, CN1-,13X,7CT17,13X,"CL1-,13X,"CB17,12X, "DSBD~)
&030 FORMAT(I4,5(3X,D13.6))
4040 FORMAT(/” NT=-,13,° CL=",D11.4,7 CN=",D11.4," ADDCF=",F7.2,

& < THETA=",F7.3," DEG"/
& < NT=7,13,7 CD=",D11.4," CT=",D11.4," THETA=",F7.3," DEG")
L0460 FORMAT(/” NT=" 13, CL=",E11.4," ON=",El11.4," FN=",El1l.4,
& “ RANG=",F&.3, " DEG"/
& ,7 NT=7,13,” CD=",E11.4,° CT=",E11.4,° FT=",E11.4,
% 7 TANG=- F&.3,7 DEG'/)
N
END
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SUBROUTINE CROSS(X,Y,T,RX,RY,SHIFT,I1,12,13,14)

[}

IMFLICIT REAL#S (A-H,0-7)
REAL#S T(2,2)

)

TRANSFORM THE X AND Y WRT B.F.F

[y

BX=X#T(1,1)+Y#T(1,2)-RX
BY=X#T(2, 1)+Y#T(2,2)-RY

SPECIFY THE SECONDARY SURFACE DISTANCE FROM THE PHYSICAL SURFACE

[l

BIST=.0200

XLEFT=SHIFT

XRITE=1.DO+SHIFT
IF(BX.GE.XRITE.DR.BX.LE.XLEFT) RETURN
YUF=.15D0/2.D0+DIST

YL OW==YUFP

IF(BY.GE. YUF.OR.BY.LE. YLOW) RETURN

2

C TEST THE CROSSING

b

TX=BX~SHIFT

CALL NACAGM(TX,AY,I1,12 13, 14, 6SHIFT)
BX=TX

AYL=AY+DIST

AYL=—AYL

IF (BY.GE. 0. DO. AND. BY. LE. AYU) BY=AYL
IF(BY.LT.0.D0.AND. BY.GE.AYL) BY=AYL
IF (BY.GT.AYU.OR.BY.LT.AYL) RETURN

TRANSFORM BX AND BY WRT I.F.F

[

X=EX#T(1,1)+BY#T(2, 1)+RX
Y=BX#T(1,2)+BY*T(2,2)+RY
WRITE(&,500) X,Y

400 FORMAT(1X,“X = * FB.5,2X,°Y = 7 ,F8.5)

RETURN
END
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PF 2.0 S/17/84 5126539 A:

SUBRUUTINE DBNDL (UJSURF, S, NE,STAGPT, R

\DBNDL.FOR  Fage 1

EC, SPPS, SEPRT,NT, OT)

CHF 30330403 30 363030030 36 30 000 30 30 36 090 303030300030 303030 30 30 30 B 304 2 T
C MAIN PROGRAM FOR BOUND CHECKOUT
D3 3404030 3636 30 3403030 3000 303030 30 303030030 303030 30 30 30030 33030 30 30 3638 1D

10

IMPLICIT REAL#B(A-H,0-2)

REAL#S USURF(1),5(1), STAGPT, REC, SPPS
LOGICAL SPRT,SEPRT
COMMON/DVEL /U (150, X (150) , NS
COMMON/DF IN/RST,FT, AT, GT, HT, XNS, XNL,
COMMON/DOLD/DAT (150) , ODSL(150) , OXNL,
COMMON/DBLI /HI, THEL , RTHI
COMMON/DFTN/SERT

Do 10 I=1,NE

U( I =USURF ()

X(I)=5(1)

NS=NE

XNS=STAGFT

REL=REC

ONSEF=0, DO

OXSEP=X (NS)

NTM=NT

DELT=DT

XSEP=SPPS

SPRT=SEPRT

OXNL=XNS

CALL DSTAG(REL,HIL, THEIL)

TURB=0. DO

CALL DLAMBL (%20, DELT,HIL, THEIL ,REL)
TURB=1.DO

CALL DTUREL (DELT,HI, THEI,REL)
SPPS=XSEP

SEFRT=SPRT

RETURN

END

34
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PF 2.0 5/17/84 0:49:44

o Ny w

D]

C

-

E: \ADAM\DECOMP.FOR  Page 1

SUBROUTINE DECOMP

THIS ROUTINE IS TO PERFORM LOWER-UPPER DECOMPOSITION

1000

1100

10

1200

IMPLICIT REAL*82 (A-H,0-7)
LOGICAL STEADY,USEPR,DSEP

COMMON/BLEO/STEADY , USEF, DSEFP

COMMON/BLK 1 /NSTEPS, NT,NE, NDO,ND1,ND2Z, ND3, MCASE, IF(40)
COMMON/BLEZ/FT, TWOFI,REY,RX,RY, THETA, SHIFT, T, TECON
COMMON/BLEK3I/FX(41),PY(41),CX(40),0Y(40),5(40) 5P (41) ,DSBD(4A0)
COMMON/BLEA/ESX(41) ,ESY (41),ENX(40) ,ENY(40) ,ETN(40)
COMMON/BLKS/A(40,40) ,B(40,40) ,DW(40) ,PERMA(40,40)
COMMON/BLKA/UBX, UBY , OMEGA, THTO, THTMAX, FRE®, PLGMAX , RAMDA, RADIUS
COMMON/BLK7 /URX (40) ,URY (40) ,C(40) ,D(40) ,E(40) ,F(40)
COMMON/BLES/STGMA(40) , GAM(40) ,CF(40)
COMMON/BLES/ TANVEL (40) , EDGVEL (40) , GAMVEL (40)
COMMON/BLK1O/CIRCU, STAGPT, CONST, T(2,2)

COMMON/BLE L1 /NTEV, NSPV, NWMAX , NOSP, NETAG
COMMON/BLK1Z2/TEVX(201) , TEVY(201) , TEVS(201) ,DSTE, TELS, TERS
COMMON/BLK13/SPVX(201), 5PVY (201),3PV5(201),D5SP
COMMON/BLK14/TEZX, TE2Y, SP2X, SP2Y, SPPS, SPX, SPY
COMMON/BLELS/UXTE (201) ,UYTE(Z201) ,UXSP(201) ,UYSP(201)

MSIZE=NE+1
IF(NT.GE. 1) MSIZE=NE+2

po 1000 I=1 ,MSIZE
IP(I)=I
CONT INUE
DO 2000 K=1,MSIZE-1
BIGA=0. DO
DO 1100 I=K ,MSIIE
IF ((RIGA-DABS(A(I,K)»).GE.O.DO) GO TO 1100
IPVT=I
BIGA=DABS(A(I,K))
CONTINUE
IF(BIGA.GT.0.00) GO TO 10
WRITE(&, 6000)
SToP
CONTINUE

D0 1200 J=1,MSIZE
TEMP=A (K, J)
ACK, )=A(IPVT, )
ACIFVT, J)=TEMP

CONT INUE

TEMP=IF (K)

IF(K)=IP (IPVT)

IP(IPVT)=TEMP

DO 1200 1=K+1,MSIZE
ACT,KI=ACT,K) /ALK, K)
DO 1300 J=K+1,MSIZE

AL, 0)=ACI, N ~ACL, K)*AK, J)
CONT INUE

2000 CONTINUE

[

IF(AMSIZE,MSIZE).NE.O.DO) GO TO 20
WRITE(&, £000)

35
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S5/17/84 0i150:04 E: N\ADAM\DECOMP . FOR

STOP
CONTINUE

RETURN

on

FORMAT(///° PROGRAM EXECUTIGN STOPPED FOR DET(A)=0, 7!

END

36

Fage &



FE 2.0 5/717/24 582739 AI\DF.FOR Page 1

SUBROUTINE DF (#,XN,Y,YP)

36 2036 36 36 36 36 36 36 4538 36 36 36 36 36 36 36 36 36 30 303636 36 36 30 3036 33640 40 303 40

£Q
70

100
101
110

IMPLICIT REAL#S(A-H,0-2)

DIMENSION Y(2),YP(2)

COMMON/DF IN/RST, FT, AT, GT,HT, XNS, XNL, XNT, TURE, NTM
COMMON/DFOUT /YT, SH, CF 2

COMMON/DETN/SPRT

ONSEP=0. DO

IF (TURB.ER. 1.D0) GO TO 35

PG=-GT/AT

IF(Y(1).LE.0.00) Y(1)=1.0D~06

Y (2)=. 325004, 130D0%Y (1) *RST#FG
IF(Y(2).LE.0.25500) Y(2)=0.25500

SH=. 32000+, 7Z2D0O*Y (2)

cALL DTRANS(#100,SH, RST, XN, XNS, XNT, Y, NTM)
CF2=4. 13D0#, 463D0-Y(2) ) /RST

A=Z, Z3700~3. DO*SH

BL=CF2-Y (1) #FT/ (AT#AT) = (3. D0-2. DO#SH) #Y (1) #GT/AT-HT/AT
YF(1)=B1/A

CONT INUE

GO TO 110

UT=. 44D0#DABS (1. D0-2. DO#Y (2) ) #%, SESD0DABS (Y (2) /RST) %%, 11500
IF(Y(2).GT..S00) VT=-VT

SH=1.SO0#Y (2)+, 179D0O#VT+, 321D0*VT#VT/Y(2)

IF (SH.GE. 0. 9D0) SH=0.9D0

CALL DTSEF(#100,SH, XN, Y,NTM)

CF2=. 1631D0%VT#DABS (VT)
Cl=1.500~-.321D0#DABS (VT/Y (2) ) %52, DO+( (, 115D0-2. DO*Y(2) ) /Y(2))
$%(, 17900+, 642D0%VT/Y (2) ) # (. 300+, 4DO#*Y (2) ) /DABS (RET) #%, 115D0
C2=. 115D0#VT# (. 17900+, 642D0%VT/Y(2))

All=,977D0~SH+C2

Al2=-Y (1) #C1

AZZ=-Y (1) /(Y(2)#(1.D0-Y(2)))

DET=A11#A22-A12

B1=CFZ-Y (1) #FT/ (AT#AT) - (2. 95D0~2. DO*SH+C2) #Y (1) #5T/AT-HT/AT
ENT=.0033D0/0ABS (1. D0-Y (2) ) ##2.5D0

XNO=XN

BE=ENT#Y(2)/(1.D0-Y(2))=Y (1) #GT/AT

IF(Y(Z).5T..41500) GO TO 40

GO TO 70

IF(Y(Z).LT..42500) GO TO 20

CONT INLE

YP(1)=(B1#AZ2-BZ#A12) /DET

YP(Z2)=(E2%A11-B1)/DET

CONT INUE

GO TO 101

RETURN 1

CONTINUE

CONT INUE

RETURN

END
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PF 2.0 S/17/84  S5128:122 A:\DSRAD.FOR  Page 1

SUBROUTINE DGRAD(NX,DELT,DSL)
D3 3646 35 36 30 3 35 36 36 30 36 30 3 3 6 33 3 3030 S I H S0 HH#RT

IMPLICIT REAL*S(A-H,0-2)
COMMON/DF IN/RST,FT,AT, GT, HT, XNS, XNL, XNT, TURE, NTM
COMMON/DVEL /LI 150) , X (150) NS
COMMION/DOLD/DAT(150), ODSL(150) , OXNL, ONT, ONSEP , XSEP, OXSEP
COMMON/DPTN/ SPRT
AT=(L(NX+1)+L(NX) ) /2. DO
GT=(LNX+1 )= (NX) ) 7 (X CNX+1) =X (NX))
IF(NX.E@.1) GO TO 10
IF(NTM.ER. 1) G0 TO 10
IF (X(NX).LE.OXNL) GO TD 10
IFCX(NX).LE.XNL) GO TO 10
FT=(AT-0AT(NX)) /DELT
IF (X (NX).GE.OXSER) GO TO 20
IF (X(NX).GE.XSEP ) GO T 20
HT=(DSL-DDSL(NX) ) /DELT
GOOTO 20

10 CONTINUE
FT=0.00
HT=0. 00

20 CONTINUE
DAT (NX) =AT
DOSL (NX ) =DSL
RETURN
END

33



FF 2.0 5/17/84  5i2Bi353 A:\DLAMBL.FOR  Fage {

SUBROUTINE DLAMBL (% DELT,HI, THEI,REL)

l:********-!(-**********************************%****%****C

10

20

S0

40

50
L0

100

IMPLICIT REAL#S(A-H,0-7)

COMMON/DF IN/RST, FT, AT, BT, HT, XNS, XNL, XNT, TURE, NTM
COMMON/DFOUT/VT,SH, CF2
COMMON/DVEL /U (150) | X (150) , NS
COMMON/DOLD/0AT (150) , 0DSL (150) , OXNL, ONT, ONSEF | XSEF , OXSEF
COMMON/DFTN/SPRT

DIMENSION Y(2),YP(2)

oo 20 1=2,NS

IF(X(I).GT.XNL)Y GO TO 10

GOTO 20

CONT INUE

NXL=1-1

GOTO 30

CONTINUE

CONT INUE

BT =1 CNXL )+ CXNL=X (NXL) D3 (L ONXL+ 1) —U CNXL ) 3 /7 CXONXL+1 ) =X (NXL))
RTHI=UI#THE I #REL

RETI=HI#RTHI

DELI=HI#THEI

DEDI=(, 6300¥HI-1.D0) / (. P22D0%HI)

DLI=DELI/DSDI

CFZ2I=4.1300% (. 44200-D5D1) /RSTI

RET=RS&TI

Y(1)=D3L]

Y(2)=psDl

TE=0. 00

ONT=0.D0

WRITE( &, 40)

NTEMP=NZ~NXL+1

WRITE(&,S0) NTEMP, XNL,UI, DLI DSLI, THEL,HI,CF2I,RTHI
NS1=N5S-1

DO &0 NX=NXL,NS1

X1=X{NX)

XZ2=X (NX+1}

IF(NX.EG..NXL)Y X1=XNL

CALL DGRADONX,DELT,Y(1))

CALL DREM44(#100,X1,X2,Y,1,1.00-05)
IF(Y(1).LE.Q.DOY Y(1)=1.0D-04&
RET=LH(NX+1)#Y (1) #RSTI/DSLI /UL
CFZ2=4. 1300 (. 463D0-Y(2) ) /RST
DEL=Y (1) /Y ()

H=1.D0/(1.D0-5H)

THE=Y(1)/H

RTH=RZT/H

UE=II(NX+1)

MNXP1=NX+1

NTEMP=NS~-NXF1+1

WRITE(&,50) NTEMP,XZ,UE,DEL,Y(1),THE,H,CF2,RTH
FORMAT (//71X, "ND. 7, 7X, "X, 9X, U7, 858X, "DEL",7X, "OLST", &%, "THET ",
$7X, “H7,8X, "CF27,7X, "RTH")
FORMAT(1X, I3, 4X,2E10.3)

CONTINUE

RETURN 1

CONTINUE

RETIURN

END



FE 2.0 /17784 S:29:131 A:\DREM44.FOR Page 1

SUBROUTINE DRKMA&4(#,T,TOUT,Y,NEGN, ABSERR)
D333 3 30 30030 030 3 R SE IR IR0 30 20 30 30 3036 36 30 3 S0 S 0 0 S0 S 30 6 36 00 ST
IMPLICIT REAL#S(A-H,0-7)
DIMENSION Y(150),Y1(150),Y0(150),YF(150),FE(S, 150)
COMMON/DPTN/SPRT
H=(TOUT-T)/256. 00
ABE=0.D0
[T=0. DO
17 CONTINUE
DO 15 I=1,NEGN
12 Yot =y(D)
TO=T
IF ( (ABE/ABSERR) . GT. 1. 2D0) DT=. 5D0#DT
IF ( (ABE/ABSERR).LT.0.500)DT=2, DO%DT
IF (ABE.E. 0. DO)DIT=H
IF ((T+DT).GT. TOUT) DT=TOUT-T
CALL DOF (#100,T,Y,YF)
DD 19 I=1,NE@GN
FE(1, D)=OT#YP(I)
19 Y(I)=YO(I)+FE(1,1)/3.00
T=TQ+DT/%. DO
CALL DF (#100,T,Y,YP)
D0 20 I=1,NEQN
FE(2, 1)=DT#YP(I)
20 Y(I)=YO(I)+(FE(1, D)+FE(2, 1)) /6.0
CALL DF (%100,T,Y,YP)
DO 21 I=1,NEGN
FE(3, 1)=DT#YP(I)
21 Y(D=YO(D+(FE(1, D +3.DO*FE(3, 1)) /8.0
T=TO+0T/2.D0
CALL DF(#100,T,Y,YF)
DO 22 I=1,NEGN
FE(4, 1)=OT#YP(I)
Y(I)=YO(I)+(FE(1, 1)~3.DO*FE (3, 1)+4. DO*FE(4,1)) /2. D0
72 YU(D=Y(D
T=TO+0T
CALL DF (#100,T,Y,YF)
ABE=0. D0
OO 23 I=1,NEGN
FE(S, 1)=DT%YP(1)
Y(D)=YO(D)+(FE(1, 1)+4.DO*FE(4, I)+FE(S, 1)) /4. 00
IF(Y(1).LE.0.DO) Y(1)=1.0D-04
23 ABE=DMAX1(ABE,DABS(Y(I)-Y1(I}))
IF(TOUT.NE.T)GO TO 17
GO TO 101
100 RETURN 1
101 CONTINUE
RETLIRN
END

t
.
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FF 2.0 S/17/84 58

Q053 A:\DSTAG.FOR

(2]

SUBROUTINE DSTAG(REL,HI,THEI)

T34 3630 36 35 36 38 36 96 36 36 36 4636 30 36 6 36 36 30 6 36 38 36 3036 S04 36 036 303698 30 0 S0 330 2

10

20

IMPLICIT REAL#B(A-H,0-1)
COMMON/DVEL /U(150), X(150) NS
COMMON/DF IN/RST,FT, AT, GT,HT, XNS, XNL, XNT, TURB, NTM
COMMON/DFTN/ SPRT

DO 10 I=1,NS

IF(X(I).GT.XNS) GO TO 20

CONTINUE

UI=U(1)

XNL=X (1)

XSL=XNL-XNS

HI=2.21600

TI=.29234D0

REXI=UI#XSL*REL
THEI=TI#XSL/REXI##0, 500

RETURN

END

41
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PF 2.0 S/17/84  5:31:20 A \DTRANS.FOR  Fage 1

SUBROUTINE DTRANS (#,5H,RST, XN, XN5, XNT,Y,NTH)

Tt 36040 3 46 36 38 36 36 3 30 3036 36 45 36 353 36 3536 3036 36 3830 036 30 30 336 36 30 6 26 36 345 2 2040 2 S 303 R W W AT

1G

IMPLICIT REAL*Z(A-H,0-2)
COMMON/DOLD/0AT (150) ,0DSL (150) , 0XNL, ONT, ONSEF, XSEF, OXSEP
COMMON/DBLI/HI, THEI ,RTHI

COMMON/DFTN/SFRT

DIMENSION Y(2)

IF(SH.GE. (1.D0-1.D0/2.900)) GO TO 10
H=1.00/(1.D0~5H)

RTH=RST/H

THE=Y (1) /H

REX=RET# (XN-XNZ) /Y (1)

IF(REX.E&.0.00) GO TO 20

RHS=1.17400% (1. 00+22400.D0/REX) #DABS (REX ) ##G, 46D0C
IF(RTH.GE.RHS) GO TO 10

GG TO 20

IF(DFLOAT(NTM)LEQ.ONT) G0 TO 20

XNT=XN

ONT=DFLOAT (NTM)

WRITE(&,30) XNT

FORMAT(4X, “THE TRANSITION POINT (XNT)=<,Ei1Z2.5)
HI=H

IF(HI.GT.2.74D0) HI=2.74D0

CONTINUE

THEI=THE

RETURN 1

CONTINUE

RETURN

END

b2



FE 2.0 S/17/84 5331157 A:\DTSEP.FOR  Page 1

SUBROUTINE DTSER(3,5H, XN, Y, NTM)

36 3546 35 3 3 36 36 36 36 36 35 336 3 363 36 396 36 3036 36 36 303036 38 3 3030 3040 3030 30 30 30903036

10

20

IMPLICIT REAL*S(A-H,0-2)

LOGICAL SPRT

COMMON/DOLD/0AT (150) ,0DSL (150) , DXNL, ONT, ONSEF, XSEF , OXSEP

COMMON/DPTN/ SPRT

DIMENSION Y(2)

H=1.D0/(1.D0-5H)

RHS=1.D0+1.00/ (1. D0-Y (2))

IF (H.GE.RHS) GO TO 10

GO TO 20

IF (DFLOAT (NTM) . ER. ONSEF) 60 TO 20

OXSEP=XSEF

XSEP =XN

ONSEP=DFLOAT (NTM)

SPRT = . TRUE.

WRITE (&, 30) XSEF,H,RHS

FORMAT (4X, © INTERMITTENT SEF POINT (XSEP) =7 E1Z.5,
X, °H =7 ,E12.5,2X, ‘RHS =" E12.5)

RETURN 1

CONT INUE

RETURN

END
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FF 2.0 571

3 36 03¢

10

30
&0
100

7/24 SeI2ei? A\DTURBL.FOR Fage 1

SUBROUTINE DTURBL(DELT,HI,THET  REL)
FE9E 3420 36 35 355 36 36 3 36 38 354 36 30 30 20 36 3698 36 30 30 F0 303 303 3 0 4 S0 33630 H 03304 H B
IMFLICIT REAL#S(A-H,0-1)

COMMON/DF IN/RST,FT, AT, 5T, HT, XNS, XNL, XNT, TUREB, NTHM
COMMON/DFOUT/VT, 5H,CF2
COMMON/DVEL Z/1J(1320) , X (150) NS
COMMON/DOLD/0AT (150) , 0DSL (150, OXNL, ONT, ONSEF , XSEF, OXSER
COMMON/DPTN/SPRT

DIMENSION Y(Z),YP(2)

OXNT=0XT

o 20 I=2 NS

IF(XCD)GTOXNT)Y G0 TO 10

GooTO 20

CONT INUE

NXT=I-1

ST B0

CONTINUE

CONTINUE

HT=UONXT Y+ OMINT=X CNXT ) 23 (LONX T+ 1) =1 ONXT ) ) A OXONXT+HL ) =X (NXT) )
RTHI=UI#THEI*REL

RETI=HI#RTHI

DS I=HI*THEIL

pEnI=(, 200#HI-1.00) /7 (1, ZD0O*HI)

DLI=DSLI/DSDI
CF2I=0,05100#0ABS (1. DO-Z. DO%DSTI ) ## 1 . 732D0/DABS (RSTI/7DSDT)
$%, ZAHB00#DABS (1. DO-2.DO#DSDI ) /(1. DO-2, DO*DSDI)
RET=RETI

Y{1)y=Dall

¥ (2)y=0301

NTEMF=NS-NXT+1

WRITE (&, 50) NTEMF, XNT,UI, DL, DSLI, THEI  HI,CF21, RTHI
NZ1=N5-1

OO A0 NX=NXT,NS1

X1=X(NX)

X2=X(NX+1)

IF(NX.EG.NXT) X1=XNT

CALL DGRAD(NX,DELT,Y(1))

CALL DREMA4(#100,X1,XZ,Y,2,1.00-05)
RET=U(NX+1)#Y (1) #RSTI/DSLI/UI

CFZ2=, 14231 D0#VT#DABS(VT)

DEL=Y{(1)/Y(2)

H=1.D00/(1.D0~-SH)

THE=Y{(1)/H

RTH=RST/H

UE=J(NX+1)

NXPI=NX+1

NTEMP=NS-NXF1+1

WRITE(&,50) NTEMF,X2,UE,DEL,Y(1),THE,H,CF2,RTH
FORMAT(1X,13,4X,8E10.3)

CONTINUE

CONTINUE

RETURN

END

4y



FF 2.0 S/17/684 0:51:17 E: \ADAM\DWASH. FUR Fage 1

SUBROUTINE DWASH

THIS ROUTINE IS TO COMPUTE THE DOWN WASH DWUE TO RELATIVE VELDCITY OF
THE FREE STREAM AND SOURCE DISTRIBUTION ON THE SURFACE.

[N w el

IMPLICIT REAL®*ES (A-H,0-Z7)
LOGICAL STEADY,USEP, DSEP

o

COMMON/BLKO/STEADY , USEF , DSEF
COMMON/BLK1/NSTEPS, NT, NE, NDO, ND'1 , ND2, ND3, MCASE, IF (40)
COMMON/BLKZ/PT, TWOPI, REY,RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLK3/PX(41) ,PY(41) ,CX(40),CY(40),5(40),SP(41) ,DSBD(40)
COMMON/BLKA/ESX (41)  ESY (41) ,ENX(40)  ENY(40) ,ETN(40)
COMMON/BLES/A(40, 40)  B(40,40) ,DW(40) ,PERMA (40, 40)
COMMON/BLKS/UBX, UBY , OMEGA, THTO, THTMAX , FRER, PLGMAX , RAMDA , RADIUS
COMMON/BLEK7 /URX (40)  URY (40) | C(40) ,D(40) ,E(40) ,F (40)
COMMON/BLES/SIGMA(40) , GAM(40) , CP(40)
COMMON/BLKS/ TANVEL (40) | EDGVEL (40) , GAMVEL ( 40)
COMMON/BLE10/CIRCU, STAGPT, CONST, T(2, 2)
COMMON/BLK L L /NTEY, NSPV, NWMAX , NOSP , NSTAG
COMMON/BLE12/TEVX(201), TEVY (201), TEVS(201) , DSTE, TELS, TERS
COMMON/BLK13/5PVX (201), SPVY (201) , SPVS(201) , DSSP
COMMON/BLK14/TEZX, TE2Y, SP2X, SP2Y, SFPS, SPX, SPY
COMMON/BLK15/UXTE(201) ,UYTE(201) , UXSP(201) , UYSP(201)

MSIZE=NE+1
IF(NT.GE. 1) MSIZE=NE+2

RELATIVE TRANSLATIONAL VELOCITY WRT BFF

G r O

UX=T(1,1)%(1.D0-UBX)=T(1,2)*UBY
UY=T(2, 1) #%(1.D0-UBX)=T(2,2)#BY

ADD THE VELOCITY DUE TO THE BODY ROTATION (BFF)

OO

DO 1000 I=1,NE
URX (I )=UX+OMEGA*CY(I)
URY (1) =UY-OMEGA#*CX (1)
1000 CONTINUE
URX (NE+2) =UX
URY (NE+2)=1)Y

DOWN WASH DUE TO THE RELATIVE VELOCITY OF THE STREAM WRT ELEMENT’S
MOTION

Lar O o I A

o 1020 I=1,MSIZE
IF(I.ER.NE+1) 50 TO 1020
DCD=URX(T) #ENX (T +URY (I} #ENY (1)
1020 CONTINUE :

o

GET THE SOURCE DISTRIBUTION WHICH NEUTRALIZE THE NORMAL VELOCITY ON
EACH ELEMENT

Q00

0l 1040 I=1,NE
TANVEL (1) =URX({I)#ESX(I)}+URY(I)#ESY(I)
SIGMACI)=-D(I)
1040 CONTINUE

bl

GET THE DOWN WASH FROM SOURCE DISTRIBUTION

o0
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Do 1060 I=1i,MEIZE
C(I)=0.D0
DO 10460 J=1,NE
C(D)=C(I)+B(I,. DN+*SIGMA(D)
1060 CONTINUE
C
RETURN

ENL
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SIUBROUTINE F(# XN,Y,YP)
C***********-}%**************************C
IMPLICIT REAL#B(A-H,0-2)
DIMENSION Y(2),YP(2)
COMMON/FIN/RST,FT,AT,GT,HT, XNS, XNL, XNT, TURE, NTM
COMMON/FOLT /VT,SH,CF2
COMMON/PTN/SPRT
ONSEP=0. DO
IF(TURB.ER®.1.D0Q) 30 TO 35
PG==GT/AT
IF(Y(1).LE.O.DO) Y(1)=1.0D0-04
Y (2)=,325D0+. 13000#Y ( 1) #RST#PG
IF(Y(2).LE. 0.25500) Y(2)=0.255D0
SH=, 320D0+. 92Z2DO#Y (2)
CALL TRANS(#100,SH,RST, XN, XNS, XNT, Y,NTM)
CF2=4.13D0%#(.462D0-Y(2)) /RST
A=2, 239D0-32. DO*SH
Bl=CFZ2-Y(1D)*FT/(AT#AT)~ (3. D0-2. DO*SH) *Y (1) #GT/AT-HT /AT
YF(1)=B1/A
30 CONTINUE
50 TD 110
35 VT=.44D0%DABS (1. DO-2. D0#Y (2) ) #3#, 885D0O#DABS (Y(2) /RST Y ##. 11500
IF(Y(2).GT..500) VT=-VT
SH=1.500#Y (2)+, 1792D0#VT+. 3Z1D0RVTHVT/Y(2)
IF(SH.GE.0.200) SH=0.9D0
CALL TSEP(3#100,SH, XN, Y,NTM)
CF2=. 1621D00#VT#DABS(VT)
Ci=1.500-. 321 00#DABS(VT/Y(2))#3#2.00+( (. 11SD0-2.DO#Y (2)) /Y(2))
$# (. 17900+, 642D0*VT/Y (2) )4 (. 300+, 4DO#Y(2) ) /DABS(RST ) ##. 115D0O
C2=. 11500#VT# (, 17900+, 642D0#VT/Y(2) )
A1 1=,977DO-SH+C2
AlZ=-Y(1)#C1
AZZ==Y{1)/{Y({2)#{1.00-Y(2)))
DET=A11#A22-A12
Bl=CF2-Y(1)#FT/(AT#AT)— (2. 9500~2. DO#SH+C2)#Y (1) #GT/AT-HT /AT
ENT=,0083D0/DABS (1. D0~Y(2))##2.5D0
XNO=XN
B2=ENT#Y (2) /7 (1.D0-Y{(2))=Y (1) #GT/AT
IF(Y(2).53T..415D0) GO TO &0
Gy T 70
60 IF{(Y(2).LT..425D0) GO TO 80
70  CONTINUE
YFP{1)=(Bl#AZ22-B2#A12)/DET
YP(2)=(B2#A11~E1)/DET
20  CONTINUE
GOTH 101
100 RETURN 1
101 CONTINUE
110 CONTINUE
RETURN
END

b
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SUBROUTINE GEOM
C

£ THIS ROUTINE IS TD COMPUTE THE GEOMETRIC VALUES FOR GIVEN AIRFOIL
C SHAPE

IMPLICIT REAL#2 (A-H,0-1)

COMMON/BLKO/STEADY, USEP , DSEP
COMMON/BLK1/NSTEPS, NT, NE, NDO, ND1, ND2, ND3, MCASE, IP(40)
COMMON/BLK2/PT, TWOPI ,REY, RX, RY, THETA, SHIFT, DT, TECON
COMMON/BLK3/PX(41)  PY(41),CX(40),CY(40),S(40) ,SP(41) ,DSBD(40)
COMMON/BLKA/ESX (41) ,ESY (41),ENX(40) ,ENY (40) , ETN(40)
COMMON/BLES/A (40, 40)  B(40,40) , DW(40) , PERMA (40, 40)
COMMON/BLK&/UBX , UBY , OMEGA, THTO, THTMAX, FRER, FLGMAX , RAMDA, RADIUS
CIOMMON/BLK7 /URX (40)  URY(40) ,C(40) ,D(40) EC(40) F(40)
COMMON/BLKS/SIGMA(40) , GAM(40) ,CP(40)
COMMON/BLKS/ TANVEL (40) , EDGVEL (40) , GAMVEL ( 40)
COMMON/BLE10/CIRCU, STAGPT, CONST, T(2, 2)

COMMON/BLK 11 /NTEV, NSPV, NWMAX , NOSF , NSTAG
COMMON/BLK12/TEVX (201), TEVY(201) , TEVE(201) , DSTE, TELS, TERS
COMMON/BLK13/5PVX (201), SPVY(201) , 5PVS(201) , DSSP
COMMON/BLE14/TEZX , TE2Y, SP2X, SP2Y, SPPS, SPX, SPY
COMMON/BLELS/UXTE(201) ,UYTE(201) ,UXSP (201, UYSP(201)

(o]

TEMPSF=0. D0
SP(1)=0.00
TECON=TECON3*.01DO

DO 1000 K=1,NE
C GET THE CENTROID LOCATION OF ELEMENT WRT BBF

CXCK)=,SO0#(PX(K)+PX{(K+1))

CY (K)=,SD0#*(PY (K)+PY (K+1))

XDIST=PX (K+1)-PX(K)
YDIST=FY(K+1)-PY (K)
TEMP=DSORT(XDIST#XDIST+YDRIST#YDIST)

[

C GET EACH ELEMENT SIZE

DSBIMK)=TEMF
TEMPSP=TEMPSP+TEMF
TEMPS=TEMPSP-. SDO*TEMP

GET THE TANGENTIAL UNIT VECTOR OF EACH ELEMENT

ESX (K)=XDIST/TEMP
ESY(K)=YDIST/TEMP

GET THE TANGENT ANGLE WRT B.F.F.

[ w e

ETN(K)=DATANZ (ESY(K) ,ESX(K))

GET THE NORMAL UNIT VECTOR

Lo I ]

ENX (K)=-ESY(K)
ENY (K)= ESX(K)

GET THE SURFACE DISTANCE FOR CONTROL POINTS

i T
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S(K)=TEMPS

GET THE SURFACE DISTANCE FOR BOUNDARY POINTS

OO

SP(K+1)=TEMPSP
10600 CONTINUE

GET THE TRAILING EDGE BISECTOR

e Nw

BISX=.5D0#(ESX (NE)-ESX(1))
BISY=,5D0#(ESY(NE)-ESY(1))
TEMP1=DSORT(BISX#BISX+BISY#BISY)
ESX{NE+Z2)=BISX/TEMP1
ESY(NE+2)=BISY/TEMF1
ENX(NE+2)=—ESY (NE+2)

ENY(NE+2)= ESX(NE+2)
CX(NE+2)=PX{1)+ESX (NE+2) #TECON
CY (NE+2)=PY (1)+ESY (NE+2)*TECON

[

WRITE (4, 4000)

WRITE(&,6010) (K,PX(K),PY(K),SP(K), K=1,NE+1)
WRITE (&, 6020)

WRITE(&,4030) (K,CX(K),CY(K),S(K),ENX(K) ENY(K), ESX(K),
& ESY(K),K=1,NE)

WRITE(&,6030) (K,CX(K),CY(K),S(K),ENX(K) ,ENY(K),ESX(K),
% ESY(K),K=NE+2, NE+2)

D]

RE TURN

¢

£000 FORMAT(///16X, “ENDPDINTS /13X, PX”, 11X, "PY7, 11X, "SP")

6010 FORMAT(1X,I5,2X,F10.4,2X,F10.4,2X,F10.5)

6020 FORMAT(///710X, CX”,7X,“CY*, 10X, “§7,9X, "ENX~, 6X, ENY~ ,8X, “ESX~,
% 6X, “ESY”)

6030 FORMAT((1X,15,2X,2(F7.4,2X),2X,F7.4,4X,2(F7.4,2X),2X,2(F7.4,2X)))
END
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SUBROUTINE GETVEL (FOINTX,POINTY,VELX,VELY)

THIS ROUTINE IS TO COMPUTE THE INDUCED NORMAL % TANGENTIAL VELOCITY
DUE TD THE SOURCE & VORTEX DISTRIBUTIONS ON THE BODY % THE WAKE AT
THE GIVEN POINT. IT EXCLUDES THE INFLUENCE OF FREE STREAM AND THE
MOTION OF BODY.

Lo B B v Y o B v M e ]

IMFLICIT REAL#Z (A-H,0-Z)
LOGICAL STEADY,USEFR, DSEF

COMMON/BLEO/STEADY , USEF , DSEF
COMMON/BLK1/NSTEFS T, NE, NDO, ND1, NDZ, ND3, MCASE,, IP(40)
COMMON/ELKZ/F 1, TWOPT, REY . RX, RY, THETA. SHIFT, DT, TECON
COMMON/BLKZ/FX (41),PY (41),CX(40) ,CY(40) ,S(40) . SP(41) , DSBD(40)
COMMON/BLEA/ESX(41)  ESY (41) ,ENX(40)  ENY(40) ETN(40)
COMMON/BLES/A(40,40)  B(40,40)  DW(40) , FERMA(40, 40)
COMMON/BLKS /UBX , UBY , DMEGA, THTO, THTMAX , FRER, PLGMAX , RAMDA , RADIUS
COMMON/BLE7 ZURX (80) | URY (40) , C(40), D(40) ,E(40) ,F (40)
COMMON/BLES/SIGMA (40) , GAM(40) | CF (40)
COMMON/BLES/ TANVEL (40) , EDGVEL (40) , GAMVEL (40)
COMMON/BLE10/CIRCU, STAGET, CONST, T(2, 2)

COMMON/BLE 11 /NTEY, NSPY, NWMAX , NOSP, NSTAG

COMMON/BLK 12/ TEVX (201) , TEVY(201) , TEVS(201) , DSTE, TELS, TERS
COMMON/BLK1Z/SPYX (201) . 5PVY (201) . SPYS(201) . DSSF
COMMON/BLE14/TEZX, TEZY, SF2X, SF2Y, SPPS, SPX, SPY
COMMON/BLK15/UXTE(201) . LYTE(201) . UIXSP(201) , LYSP(201)

D}

INITIALIZE THE ARRAY

VELX=0.D0
VELY=0.D0

D
_
o— - -

C INDUCED VELOCITY DUE TO THE SOURCE DISTRIBUTION
-

AVELX=0. D0
AVELY=0. D0
DO 1000 J=1,NE
CALL SOURCE (CX (), CY (1), POINTX, FOINTY, ESX (), ESY (J), DSBD(J) ,
% VS1X,VS1Y, VSLX, VSLY, VSRX, VSRY)
TEMP1=SIGMA(J)
IF (J.ER. 1) TEMF2=2,D0#SIGMA(1) /DSBD(1)
IF(J.NE. 1) TEMP2=2,[0#* (SIGMACJ)-SIGMA(J-1))/ (DSBD(J)+DSBD(J-1))
IF (J.ERL.NE) TEMF3=-2.D0*SIGMA(NE) /DSBD(NE)
IF(J.NE.NE) TEMP3=2.D0#(SIGMA(J+1)-SIGMA(D) )/ (DSBD(J+1)+
% ISBO) )
TEMPOO=TEMF 1 #V5 1 X+ TEMF2Z#VSL X+ TEMP3#VSRX
TEMP11=TEMP1#V51Y+TEMPZ#VSLY+TEMP3#VSRY
AVELX=AVEL X+TEMFOO
AVELY=AVELY+TEMF11
1000 CONT INUE

VEL X=VELX+AVELX
VELY=VELY+AVELY

C..
L INDUCED VELOCITY DUE TO THE VORTEX DISTRIBUTION ON THE BODY
[

AVELX=0.D0

AVELY=0.D10

D0 2000 J=1,NE
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CALL VORTEX(CX(J),CY{ 1, POINTX, POINTY,ESX (J),ESY(J), DSBO(J),
& WX, WY, WW2X, W2Y)
TEMOL=. 500% (GAM () +G3AM(J+1))
TEMP2= (GAM(J+1)~GAM(D) ) /ZDSBD ()
TEMP33=TEMF1#VWW 1 X+TEMP2#UV2X
TEMPA4=TEMP 1 #UV1Y+TEMP2#UVZY
AVELX=AVEL X+TEMP33
AVELY=AVELY+TEMP44
2000 CONTINUE

VELX=VELX+AVELX
VELY=VELY+AVELY

INDUCED VELOCITY DUE TO THE VORTEX DISTRIBUTION ON TE WAKE

Q5

IF (NTEV.LE.0) GO TGO 4000
DISTX=TE2X-TEVX (1)

DISTY=TE2Y-TEVY(1)

TEMESX=DISTX/DSTE

TEMESY=DISTY/DSTE

CTEVX=. SD0%* (TEZX+TEVX (1))

CTEVY=.S00% (TEZY+TEVY (1))

TEMP1=.5D0% ( TELS+TERS)

TEMP2=(TERS~TELS) /DSTE
TEMPX=POINTX#T (1, 1 )+POINTY#T(Z, 1)
TEMRFY=FOINTX#T(1, 2)+PDINTY#T(2,2)

CALL VORTEX(CTEVX,CTEVY, TEMPX, TEMPY, TEMESX, TEMESY,
& DSTE, WI1X, W1V, WaXx, wayY)
UWTEX=UV1X#TEMP 1 +YV2X# TEMP2
UWTEY=W1Y#TEMP1+W2Y#TEMF2
AVELX=UWTEX*T (1, 1) +UWTEY#T(1,2)
AVELY=UWTEX#T (2, 1) +UWTEY#T (2, 2)

VELX=VELX+AVELX
VELY=VELY+AVELY

IF(NTEV.LE. 1) GO TO 4000
UWTEX=0, DD
UWTEY=0. DO
D 3000 I=3, NTEV+1
CALL LMPVTX(2, I, TEVX(I), TEVY(I), TEMPX, TEMPY, VLX,VLY)
UWTEX=UWTEX+VLX#TEVS (1)
UWTEY=UWTEY+VLY*TEVS ()
3000 CONTINUE
AVELX=UWTEX*T (1, 1) +UWTEY#T (1, 2)
AVELY=UWTEX#T (2, 1) +UWTEY#T (2, 2)

VEL X=VELX+AVELX
VELY=VELY+AVELY
4000 CONTINLE

3
I

L INDUCED VELOCITY DUE TO THE VORTEX DISTRIBUTION ON SF WAKE
C

IF(NSPV.LT. 1) GO TO 2000

UWSPX=0.00

UWSPY=0.D0

00 7000 I=2,NSPV+1
CALL LMPVTX(2,I,SPVX(I),SPVY(IL), TEMPX, TEMPY,VLX,VLY)
LIWSPX=UWSFX+VLX#5FVS (1)
LWSPY=NSPY+VLY#SPVS (1)
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7000 CONTINUE
AVELX=UWSPEX#T (1, 1)+UWSPY®T (1 2)
AVELY=UWAPX#T (2, 1) +UWSPY®#T (2, 2)
VEL X=VELX+AVELX
VELY=VELY+AVELY

BO0O0 CONTINUE
RETURN

END
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SUBROUTINE GRAD(NX,DELT,DSL)

C***************************************C

10

20

IMFLICIT REAL#8(A-H, 0-7)

COMMON/F IN/RET,FT,AT,GT, HT, XNS, XNL, XNT, TURE, NTM
COMMON/VEL/UJ(150) X (150) NS
COMMON/OLD/0AT (150) , 00SL (150) , OXNL , ONT, ONSEF, XSEF, OXSEF
COMMON/FTN/SFRT
AT=(U(NX+1)+U(NX)) /2. 00
GT=(UJINX+1) =D INX) ) Z (OCINX+1) =X (NX))
IF(NX.EG. 1) GO TO 10

IF(NTM.EG. 1) GO TO 10
IF(X(NX).LE.OXNLY GO TO 10
IF(X(NXD) L LELXNL)Y 50 TO 10
FT=(AT-0AT(NX))/DELT
IF(X{NX).GE.OXSEP) GO TO 20
IF(X{NX).BE.XSEF ) GO TD 20
HT=(OSL-0DSL (NX)) /DELT

GO TO 2O

CONTINLUE

FT=0.00

HT=0.D0

CONTINUE

JAT (NX) =AT

OnsL (NX) =DsL

RETURN

END
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SUBROUTINE INFUT

THIS ROUTINE IS TO READ THE DATA FROM DATA CARDS

IMPLICIT REAL*E (A-H,0-2)
REAL#S XSTA(41) FXTEM(20) ,FYTEM(S0)
LOGICAL STEADY,USEFR, DSEP

CHARACTER A1,AZ, A3, A4

CHARACTER#4 EODY

COMMON/BLEO/STEADY , USEF , DSEF
COMMON/BLK 1 /NSTEPS, NT, NE, NDO, ND1, ND2, NDZ, MCASE , 1P (40)
COMMON/BLEZ/PT, TWOPT, REY, RX,RY, THETA, SHIFT, T, TECON
COMMON/BLEZ/FX(41) ,PY(41),0X(40) ,CY(40),5(40) 5P (41) DSBD(40)
COMMON/BLKA/ESX (41)  ESY(41)  ENX(40)  ENY (40}, ETN(40)
COMMON/BLES/A (40, 40) , B(40,40)  IW(40) , PERMA (40, 40)
COMMON/BLEAS/UBX , UBY , OMEGA, THTO, THTMAX , FREG, PLGMAX , RAMDA, RADIUS
COMMON/BLK7 /URX (40, URY (40) ,C(40),D(40)  E(40) F (40)
COMMON/BLES/SIGMA (40) , GAM(40) | CF (40)
COMMON/BLK®/ TANVEL (40) | EDGVEL (40) , GAMVEL ( 40)
COMMON/ELK10/CIRCU, STAGPT, CONST, T(2,2)
COMMON/BLEL1/NTEV, NSPV, NWMAX , NDOSF | NSTAG
COMMON/BLE1Z/TEVX (201), TEVY(201) , TEVS(201), DSTE, TELS, TERS
COMMON/BLK 13/8PVX (201) , SPVY (201) , 5PVS(201) , DSSP

COMMON/BLE 14/ TEZX , TEZY, SP2X, SP2Y, SFPS, SPX, SFY
COMMON/BLK1S/UXTE(201)  UYTE (201) , UXSP (201) ,UYSP(201)

PI=3, 14159245358979247
TWORI=2.DO*FI
USEP=.FALSE.
DSEP=.FALSE,

NT=0

NTEV=0

NEFV=0

PRINT THE PROGRAM TITLE

WRITE (4, &000)

READ AND FRINT THE JOB TITLE

READ(S, 5000)
WRITE(&, 5000)

REAL! DATA

READ(S, S010) NSTEFS, DT, NWMAX
READ(S,5020) REY,STEADY, TECON

READ(S,S030) NE,RX,RY, THETA,A1,SHIFT

READ(S,5040) BODY,NDO,ND1,NDZ,ND3

READ(S,5070) MCASE, THTO,AZ, OMEGA, AZ, THTMAX, A4, PLGMAX, FRER
READ(S,5080) RADIUS,RAMDA

THETA=-THETA
THTO=—THT®
DMEGA=-0OMEGA
THTMAX=—THTMAX
EHIFT=-SHIFT

{ CONVERT THE DEGREES TO RADIENS IF IT"S IN DEGREES.
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C
CFACTR=FI/180.00
IF(AL.EQ. D7) THETA=THETA#CFACTR
IF(AZ.EQ. "I7) THTO=THTO*CFALTR
IF(A3.ER. D7) OMEGA=OMEGA#CFALCTR
IF(A4.EQ. D7) THTMAX=THTMAX*CFACTR

GET THE SURFACE BEUMETRY FOR NACA SERIES AIRFOIL

™y

IF (BODY.NE. “NACA") GO TO 110
100 CONTINUE

READ X STATIONS WRT BFF

L I o

READ(S,5030) (XSTA(K), k=1 ,NE/2+1)
DO 1000 K=1,NE/2+1
ER=NE+2-K

CALL NACA DESCRIPTER FOR SURFACE NODE LOCATIONS

[ e

CALL NACAGMOXSTAK) ,PY(KE) ,NDO NI, NDZ, NDZ, SHIFT)
PX(K)Y=XSTA(K)
FXCKE)=PX(K)
PY (E)=—PY (KE)
1000 CONTINUE

PY(1)=0.D0

FY(NE+1)=0.D0

GO T3 140

[}

BET THE SURFACE GEOMETRY FDOR CYLINDER

oy 0

110 CONTINUE
IF (BODY.NE. “CYLN”) GO TO 130
120 CONTINUE
DO 1010 K=1,NE
TEMF=-DBLE (K-1)#TWOP I /DBLE (NE)
PX (K)=. SDO*DCOS( TEMP ) +SHIFT
PY (K)=.SDO*DSIN(TEMF)
1010 CONTINUE
PX(NE+1)=PX (1)
FY(NE+1)=PY (1)
GO TO 140
130 CONTINUE
C
C GET THE SURFACE GEOMETRY FOR LAMINAR AIRFOIL
C
READ(S,5050) (XSTA(K),K=1,NE/2+1)
NETEML=2%
NETEMLI=32 :
READ(S,7000) (FXTEM(I), FYTEM(I}, I=1, NETEML+NETEMU+1)
7000 FORMAT(ZF10.5)
D 8000 I=1,NE/2+1
DO 8002 J=1,NETEML+1
IF(XSTACT).GE.FXTEM(J)) GO TO 2100
2002  CONTINUE
8100  PX(I)=XSTA(I)
FRTEM=(XSTA(T)-FXTEM(J=1)) 7/ (PXTEM( ) ~FXTEM(J-1))
FY(1)=FYTEM(J=1)+(PYTEM(J)-PYTEM(.J-1) ) #PPTEM
8000 CONTINUE
DD 2300 I=2,NE/2
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DO 3004 J=NETEML+NETEMU+1 NETEML+1,-1
IF(XSTA(L).GE.PXTEM(.J)) GO TO 2102
5004 CONTINUE
8102 PXINE+2~1)=XSTA(I)
FRTEM=(XSTACI)-FPXTEM(J) )/ (PXTEM(J+1)-PXTEM(.1))
FY(NE+2-1)=PYTEM(J)+(PYTEM(J+1)-PYTEM(.J) ) *PFTEM
83200 CONTINUE
FPX(NE+1)=PX (1)
FY{NE+1)=FY(1}
140 CONTINUE
C
L FRINT THE INFUT DATA

C
WRITE (4, 4010) NSTEPS,DT
WRITE(6,6020) REY,STEADY, TECON
WRITE (&, 6030) NE,RX,RY, THETA,SHIFT
WRITE(4,4040) BODY,NDO, ND1,ND2Z,ND3

WRITE(&,4050) MCASE, THTO, OMEGA, THTMAX, PLGMAX, FRER, RADIUS , RAMDA

RETURN

[

&O00 FORMAT(17,5(/), 18X, "UNSTEADY VISCOUS AERODYNAMIC MODEL-,3(/),
& 25X, "TEXAS TECH UNIVERSITY //)

5000 FORMAT (S0H )

5010 FORMAT(IS,F10.4,15)

5020 FORMAT(E11.3,1X,L1,F10.4)

5020 FORMAT(I3,2F5.5,F7.5,A1,F8.5)

5040 FORMAT (A4, 1X,411)

5050 FORMAT(F3.5)

S070 FORMAT (IS, F9.7,A1,F9.7,A1/F9.7,A1,F10.7 F10.7)

5080 FORMAT(2F10.4)

6010 FORMAT(///¢ NSTEPS =*,15/ DT = F10.5)

£020 FORMAT(” REY =, E11.3// STEADY = /,L1/¢ TE CONTROL FT = * F10.4,

& “ % CHORD™)
&030 FORMAT( NE =-,15/° RX =',F10.3/° RY =" ,F10.5/° THETA =",
& F10.5/7 SHIFT = ,F10.95)

&£040 FORMAT (7 RODY =7,A5,2X,411)

4050 FORMAT (" MCASE =7, I5/° THTO =7 ,F10.5/7 OMEGA =-,F10.5/
&  THTMAX =" ,F10.5/7 PLGMAX =7,F10.7/° FREQ = F10.7/
% “ RADIUS =-,F10.4/° RAMDA =" F10.4)

END
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SUBROUTINE LAMBL (%, DELT,HI,THEI,REL)
C***********************%*****************************C
IMPLICIT REAL#8(A-H,0-2)
COMMON/F IN/RST,FT,AT, GT,HT, XNS, XNL, XNT, TURB, NTM
COMMON/FOUT/VT, SH, CF 2
COMMON/VEL /U(150) , X(150) , NS
COMMON/OLD/0AT (150) , BDSL(150) , OXNL, ONT, ONSEF , XSEF , DXSEP
COMMON/PTN/SPRT
DIMENSION Y(2),YP(2)
Do 20 1=2 NS
IF(X(I).5T.XNL) GO TO 10
GO TO 20
10 CONTINUE
NXL=1-1
5O TO 30
20 CONTINUE
30 CONTINUE
UT=U(NXL )+ CXNL=X (NXL) ) # CLCNXL+1 ) =U(NXL ) ) Z CXONXL+1 ) =X (NXL))
RTHI=UI#THET#REL
RETI=HI#RTHI
DSLI=HI#THEI
DSDI=(. 4800#HI~1.00) / (. 92ZZD0*HI)
DLI=DSLI/DSDI
CF2I=4. 1200# (. 44300-DSD1) /RSTI

RST=RSTI
Y(1)=DSLI
Y(2)=0OSDI
oP=0,00
ONT=0. DO
WRITE(6, 40}
WRITE(&,50) NXL,XNL,UI,DLI,DSLI,THEI ,HI,CF2I,RTHI
N51=NS-1
DO A0 NX=NXL, NSt
X1=X(NX)
X2=X (NX+1)
IF{NXL.EQ.NXL) X1=XNL
CALL GRAD(NX,DELT,Y(1))
CALL RKM44(3#100,X1,X2,Y,1,1.0D-03)
IF(Y(1).LE.Q.DO) Y(1)=1,0D-04&
RET=U(NX+1)3#Y (1)#RSTI/DSLI/UI
CFZ=4,13D0#(, 44200-Y(2)) /RET
DEL=Y(1)/Y(2)
H=1.00/(1.D0O-5H)
THE=Y(1)/H
RTH=R3T/H
LE=LJ(NX+1)
NXFi=NX+1
WRITE(4,50) NXP1,X2,UE,DEL,Y(1), THE H,CF2,RTH
40 FORMAT(//1X, ND.7,7X,7X7,2X,“U",8X, “DEL", 7X, “DL3T“, 6X, “THET,
$7X, "H",8X, "CF2°,7X, “RTH")
50 FORMAT(1X,I3,4X,8E10.3)
&0 CONTINUE
RETURN 1
100 CONTINUE
RETURN
END
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SUBROUTINE LMPVTX(KASE,LAGE, X5, Y5, XF, YF,VELX, VELY)

L
C THIS ROUTINE COMPUTES INDUCED VELOCITY FROM A LUMPED VORTEX
C

IMPLICIT REAL#2 (A-H,0-1)

C
THWOPI=2.D0%#3. 1415924683589 79247
VELX=0.00
VELY=0. D0
DISTX=XF~XS
DISTY=YF-YES
DISTZ=RISTX#DISTX+DISTY#DISTY
IF(DIST2.LT.1.0~04) RETURN
DIST=DSGRT(DIST2)

RCORE=. O7D0%#DSORT (DFLOAT (LAGE~2) )

GO TO (100,200,300) , KASE

100 VEL=1.DO/(TWOFPI*DISTZ)
GO TO 200

200 IF(DIST.GE.RCORE) GO TO 220
VEL=1.D00/ (TWOF I+RCORE#RCORE)
GO TO 900

220 VEL=1.DO/(TWOFI#DISTZ)
GO TO 200

300 TEMP=-DISTZ/(RCORE#RCORE)
EGIPT=0.D0O
IF(TEMF.57.~-40.D0) EGIPT=2.718281828D0##TEMP
VEL=(1.D0-EGIFT)/(TWOPI#DIZTZ)
GO T 200

P00 VELX=-VEL*DISTY
VELY= VEL#DISTX

RETURN
END
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// JOB (BONSLJ,7056,9,,100,,,1), “ALUMP-0SCIL” , REGION=1024K
// EXEC FORTVCLG

C

[

[ B

[

[}

)

//FORT.SYSIN DD

IMFLICIT REAL#S (A-H,0-I)
LOGICAL STEADY,USEF,DSEF, SPRT

COMMON/BLEO/STEADY , USEF | DSEP

COMMON/BLK 1 /NSTEPS, NT, NE, NDO, ND1, NI2, ND3, MCASE, IF(40)
COMMON/BLKZ/FT, TWOPI,REY,RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLE3/PX(41) ,FY(41) ,CX(40) ,CY(40),5(40),5P(41),DSBD(40)
COMMON/BLE4/ESX (41) ,ESY(41) ,ENX(40) ,ENY(40) ,ETN(40)
COMMON/BLES/A(40, 40) , B(40,40) , DW(40) , PERMA (40, 40)
COMMON/BLEG/UEX , UBY , OMEGA, THTO, THTMAX , FRE®, FLGMAX , RAMDA, RADIUS
COMMON/BLE7 ZURX (40) , URY (40) ,C(40) ,I(40) JE(40) F(40)
COMMON/BLES/SIGMA(40) , GAM(40) | CP (40)
COMMON/BLKS/ TANVEL (40) , EDGVEL (40) , GAMVEL (40)
COMMON/BLE10/CIRCU, STAGPT, CONST, T(Z, 2)

COMMON/BLK 1 1 /NTEV, NSPV, NWMAX , NOSP | NSTAG

COMMON/BLE 12/ TEVX (201), TEVY(201), TEVS(201) , DSTE, TELS, TERS
COMMON/BLE13/5PVX (201) , SPVY(201),SPVS(201) , DS5P
COMMON/BLK14/TEZX, TE2Y, SP2X, SP2Y, SPPS, SPX, SPY
COMMON/BLE1S/UXTE(201) , UYTE(201) , UXSF(201) , UYSP (201)

ket MAIN PROGRAM  s3tdtdedte3t3 33t

10

100

CALL INFUT
CALL GEOM
CALL COEFA
CALL DECOMF
CALL COEFB

NT=0
CONTINUE

CALL CPUTM(O, ITM)
TIME=DBLE (NT)#DT
WRITE(&,6000) NT,TIME
CALL MOTION
IF(NT.EQ.0) GO TO 100
CALL WAKVEL

CALL TEGEOM

CALL SFGEOM

CALL WAKINF

CALL DECOMF

CONT INUE

CALL DWASH
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C

CALL SOLVE
C

CALL SEPCAL
C

CAaLL CPDIST
C

CALL CPUTM(1,ITM)

SEC=ITM#0.01D0

WRITE(4,46100) SEC

NT=NT+1

IF (STEADY.OR.NT.GT.NSTEPS) STOP

G0 70 10

C
&000 FORMAT(///7/

2 717, 9K, DOHM S 33 3530336 3033003030303 303436 383630303033 30H BB 30 S0
3/, 10X, 1 7H#sennunnswss STEP,I3,10H - TIME = ,F8.5,12H weeeesdaars

87, 1OX , SOMBHS 3343340302 396 43030 3030303040 30 SEHEIEIESE 3003 HHEEEHHHHEE % /)
6100 FORMAT(///730("~7),“ CPU TIME FOR THIS STEP = - ,F5.2,7 SEC.7///)

C
END
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SUBROUTINE MOTION

THIS ROUTINE IS USED TO CALCULATE THE MOTION OF BBF WRT IFF
IMFLICIT REAL#Z (A-H,0-1)

COMMON/BLKO/STEADY , USEF , DSEF
COMMON/BLK1/NSTEPS, NT,NE, NDO; ND1, NDZ, ND3, MCASE , IF (40)
COMMON/BLKZ/FI, TWOPI,REY,RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLK3/PX(41) ,FY(41) ,CX(40) ,CY(40) ,S(40),5F(41) , DSBD(40)
COMMON/BLKA/ESX (41) ,ESY(41) ,ENX(40)  ENY(40)  ETN(40)
COMMON/BLKS/A(40, 40) ,B(40,40) , DW(40) ,FERMA(40, 40)

COMMON/BLES /UBX, UBY , OMEGA, THTO, THTMAX , FRER, FLGMAX , RAMDA, RADIUS
COMMON/BLE?7 /URX (40) ,URY (40) ,C(40) , D(40) |E(40) ,F (40)
COMMON/BLKS/SIGMA(40) , GAM(40) , CP(40)
COMMON/BLKS/ TANVEL (40) , EDGVEL (40) , GAMVEL (40)
COMMON/BLK10/CIRCY, STAGPT, CONST, T(2,2)
COMMON/BLE11/NTEV, NSPV, NWMAX , NOSP | NSTAG
COMMON/BLK12/TEVX (201), TEVY(201), TEVS(201) ,DSTE, TELS, TERS
COMMON/BLE13/5PVX (201), SPVY (201), SPVS(201) , DSSF
COMMON/BLK14/TEZX, TE2Y, SF2X, SP2Y, SPPS, SPX, SPY
COMMON/BLK1S/UXTE(201) , UYTE(201) ,UXSF (201) ,UYSP (201)

GO TO (100,200,300, 400, 500) , MCASE
RECTILINEAR MOTION (IFF)

100 CONTINUE
UBX=0.D0
UBY=0.00
OMEGA=0. DO
WRITE (&, 4000)
GO TO 700

OSCILLATION MOTION (IFF)

200 CONTINUE
UBX=0.D0
UBY=0.D0
THETA=THTO+THTMAX#DSIN(FREG#DT#DBLE (NT )} —. SDO%*FPI)
OMEGA=FREGI# THTMAX#DCOS (FREQ#*DT#DBLE (NT ) —. SDO#FI)
WRITE(4&,4010)
G0 TO 700

FLUNGING MOTION (IFF)

300 CONTINUE
RY=PLGMAX#DSIN(FREQ#TWORI*DT#DBLE(NT))
UBY=PLGMAX#FREQ# TWOP I #DCOS (FREQ# TWOP I#DT#DBLE (NT))
UBX=0.D0C
WRITE (4, 6020}
GO TO 700

PITCHING MOTIDN

400 CONTINUE
IF(THETA.EQ. THTMAX) GO TO 700
UBX=0.
UBY=0.
THETA=THTO+OMEGA#DT#DBLE (NT)
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IF(DABS(THETA).LE.DABS(THTMAX})) GO TO 33
STOP

CONTINUE

ARM=SART (RX#RX+RY%#RY)
RX=-ARM#DSIN(THETA)

RY=ORM#DCOS(THETA)

WRITE(&,6022)

5D TO 700

)
03

DARRIEUS MOTION

[ I ]

500 CONTINUE
TEMP1=FLOAT (NT)#DT/RADIUS
TEMP2=DSIN(TEMP1) /RAMDA
TEMP2=DCOS(TEMP1) /RAMDA
TEMPA4=TEMF2/(1.DO+TEMP3)

SAME DIRECTION TO THE FREE STREAM
DUT-WARD INCLINATION OF THE RELATIVE FLUID VEL.

UBX,UBY. ... +
THETA. v vun. +

Tt

Py R B

UBRX=-TEMF3

LUBY=0.D0O

RX=-RADILS*TEMF2Z

RY=0. 00

THETA=DATAN(TEMF4)

OMEGA=(TEMP3+1. DO/ (RAMDA*RAMDA) ) /
% (RADIUS* (1, D0+TEMP3)# (1. DO+TEMP3) # (1. DO+TEMPA%TEMPA) )
WRITE (&, 6024)

L vl

700 CONTINUE
WRITE(&, 6030}
WRITE (4,4040) RX,RY,THETA, UBX, UBY, OMEGA, FREQ

SET THE TRANSFORMATION MATRIX WHICH TRANSFORMS IFF TO BFF

L )

T(1,1)=DCOS(THETA)
T(1,2)=DSIN(THETA)

T(z,1)==T(1,2)

T(2,2)=T(1,1)

WRITE (&, £050)

WRITE (&, 6060) (T(E, 1), T(K,2) ,K=1,2)

RETURN
C
£000 FORMAT(///7¢ w###% RECTILINEAR MOTION s /)
4010 FORMAT(///¢ s###% DSCILLATING MOTION ###%%7/)
£020 FORMAT(///° ####% PLUNGING MOTION ##¥%%7/)
AOZ2 FORMAT(///¢ #%%#% PITCHING MOTION #ss%” /)
4024 FORMAT(///¢ ###%% DARRIEUS MOTION ##x%%’/)
4030 FORMAT (/7X, “RX*,9X, “RY*,8X, “THETA”, 7X, “UBX~ , 8X,
% “UBY“,7X, “OMEGA*, 7X, “FRER. *)
4080 FORMAT(7F11.5)
4050 FORMAT(///° ##% TRANSFORMATION MATRIX ##%7//)
L0460 FORMAT (Z(5X,E12.5))

END
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SUBROUTINE NACAGM(X,Y,NDO,ND1,NDZ,ND3,SHIFT)

IMPLICIT REAL#E (A-H,D~2)
REAL#*S MC,MT

DATA CO,01,02,03,04,05/. 296900, -, 12600, -, 351400, . 2234300,
& -.101500,1.1019D0/

C
C INTERFRET THE NACA DESCRIFTION

i

LI Y

MZ=MAX CAMBER
MC=.01D0#*NDO
FMC=FOSITION OF MAX CAMBER
FMC=0. 1DO#NIH
MT=MAX THICKNESS
MT=0. 1 DO#NDZ+0. 01 DO#*ND3

[}

1

[ R=NJSE RADIUS

R=CS#MT#MT
T  CALCULATE THE THICKNESS
C IF(X .GE. R) GO TO 20
C YT=DSERT (R##2~ (R=X)##2)
C GO TO 25

20 YT=MT# (CO#*DSART (X)) +C1#X+C2# X 2+ 03 X#42+0 44 X3t#4 ) /0, 200
25 CONTINUE
C CALCULATE CAMBER AND SLOFE

IF(PMC.NE.O.DO.AND.MC.NE.G.DO)Y 5O TO 30
Y=0, D0
DYCOX=0.D0
GOoTO 45

30 CONTINUE
IF(X .GT. PFMC)Y GO TO 40
YCO=MC# (2, DO#PMOEX—X##2) /PMC##2
DYCOX=MC#2%# (PMC~X ) /PMC3#3#2
G0 TO 45

40 YC=MC#((1.D0-2.DO%PMC)+2. DOHFPMC#X-X##2) /(1. DO-FMC##2)
DYCDX=MC#2.D0# (PMC=X) /(1. DO-FMC##2)

45 CONTINUE

C COMPUTE THE SURFACE COORDINATES

ANGLE=DATAN(DYCDX)
DELX=YT#DSIN(ANGLE)
DELY=YT#DCOS (ANGLE)
X=(X+DELX)+SHIFT
Y=-(YC-DELY)

RETURN

END
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SUBROUTINE RKM&4 (% T, TOUT,Y,NEGN, ABSERR)
(230 3 3636 35 36 30 3030 30 338 36 36 30 3 4 3 33 3 36 36 3 3 36 30 3 0 I 3 30 30 34 36 3 H W W W HH#C
IMPLICIT REAL*B(A-H,0-2)
DIMENSION Y(150),Y1(150),Y0(150),YP(150) FE(S, 150)
COMMON/PTN/SPRT
H=(TOUT=T)/256. D0
ABE=0. DO
OT=0. 00
17  CONTINUE
D0 18 I=1,NEGN
18 YO(D)=Y(I)
To=T
IF ( (ABE/ABSERR).GT. 1. 2D0)DT=, 5D0%DT
IF ((ABE/ABSERR) .LT.0.5D0)DT=2.DO*DT
IF (ABE.ER. 0. DO)DT=H
IF((T+DT).5T. TOUT)DT=TOUT-T
CALL F(%100,T,Y,YP)
DD 19 I=1,NEON
FE(1, 1)=0T#YP (1)
19 Y(I)=YO(I)+FE(1,1)/3.D0
T=TO+DT/3. D0
CALL F(#100,T,Y,YP)
00 20 I=1,NEGN
FE(2,[)=DT#YF(I)
20 Y(D=YO(I)+(FE(1, )+FE(2,1))/6.D0
CALL F(#100,T,Y,YP)
DO 21 I=1,NEGN
FE(3,1)=DT#YP(I)
21 Y(D)=YO(I)+(FE(1,1)+3.DO#FE(3,1))/8.D0
T=TO+DT/2.D0
CALL F(#100,T,Y,YF)
DO 22 I=1,NEGN
FE(4, 1)=DT#YP(I)
Y(I)=YO(I)+(FE(1, 1)~3.DO%FE(Z, 1) +4. DO*FE(4, 1)) /2. IO
22 Yi(D)=Y(I)
T=TO+DT
CALL F(%100,T,Y,YP)
ABE=0. DO
D 23 I=1,NEGN
FE(S, 1) =DT*YP(I)
Y(I)=YO(I)+(FE(1, 1)+4.DO*FE (4, [} +FE(S, 1)) /4.00
IF(Y(1),LE.0.D0) Y(1)=1.0D~0b
23  ABE=DMAX1 (ABE,DABS(Y(I)-Y1(I)))
IF(TOUT.NE.T)GO TO 17
GO TO 101
100 RETURN 1
101 CONTINUE
RETURN
END
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SUBROUTINE SEPCAL

THIS ROUTINE IS TO CALCULATE THE SEPARATION POINT AND ITS SHEDDING
VELDCITY.

e B v T B

IMPLICIT REAL#*Z (A-H,D-Z)
L.OGICAL STEADY,USEP,DSEP, DATASP
REAL#8 VELTEM(40),STEMFP(40)

COMMON/BLKO/STEADY , USEF , DSEP
COMMON/BLEKL/NSTEPS, NT, NE, NDO ND1,ND2, ND3, MCASE, IF (40)
COMMON/BLEZ/PI, TWORI ,REY ,RX,RY, THETA, SHIFT, DT, TECON
COMMION/BLE3/PX(41),PY(41),CX(40),CY(40),5(40),SP(41),DSBD(40)
COMMON/BLKA/ESX (41) ,ESY (41),ENX (403}  ENY(40),ETN(40)
COMMON/BLKS/A(40,40) ,B(40,40) ,DW(40) ,PERMA(40,40)
COMMON/BLES/ZUBX, UBY , OMEGA, THTOQ, THTMAX, FRER, PLGMAX , RAMDA, RADIUS
COMMON/BLE7 /URX (40) ,URY(40) ,C(40),D{40) E(40) ,F(40)
COMMON/BLES/SIGMA(40) ,GAM(40) ,CF(40)
COMMON/BLKS/ TANVEL (40) , EDGVEL (40) , GAMVEL (40)
COMMON/BLEL1O/CIRCU, STAGPT, CONST, T(2,2)
COMMON/BLEL1/NTEV, NSPV, NWMAX  NOSF ,NSTAG
COMMON/BLELZ/TEVX(201), TEVY(201),TEVS(201),DSTE, TELS, TERS
COMMON/BLK13/SFVX{(201),SPVY(201) ,85PVS(201),DSSP
COMMON/BLK14/TEZX, TE2Y, SP2X, SP2Y, SPPS, SPX, SPY
COMMON/BLEL1S/UXTE(Z01) ,UYTE(201) ,UXSP(201) ,UYSP(201)

L}

DATASP=.FALSE.

SEFARATION POINT FROM THE STEADY SEPARATION DATA

[

IF (.NOT.DATASF) GO TO 100

CALL SPDATA(THETA, SPPS,SP(NE+1),USEP, DSEP)
WRITE (&, 4000) SPPS

RETURN

SEFARATION ON THE UFFER SIDE OF AIRFOIL

[ R ]

100 CONTINUE
CALL BNDL (EDGVEL,S,NE,STAGPT,REY, USPPS, USEP,NT,DT)

[}

IF(USPPS.LE.SP(NE/2+1)) USPPS=SP(NE/2+1)
IF (USPPS.GE. SP(NE)) USEP=.FALSE.
IF (USEF) WRITE(4L,4010) USFPS

SEFARATION ON THE LOWER SIDE OF AIRFOIL

[ I W}

D0 1000 K=NE,1,-1
VELTEM(K)=—~EDGVEL (NE-K+1)
STEMP (K)=SF (NE+1)~S (NE-K+1)
1000 CONTINUE
STGTEM=SF (NE+1)-STAGPT

C

C#### CALL DBNDL(VELTEM, STEMP,NE,STGTEM,REY, DSPPS, DSEP, NT,DT)
IF(DSEP) DSPPS=5P(NE+1)-DSPPS
IF (DSPFS.GT.SP(NE/2+1)) DSPPS=SP(NE/2+1)
IF (DSPPS.LE.SP(2)) DSEP=.FALSE.
IF (DSEF) WRITE(6,4020) DSPPS

Ly

IF (USEP.AND.DSEF) GO TO 200
IF (DSEP) 3PP5=DSFPS
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IF (USEP) SPPS=USPPS
RETURN
CONT INUE

IF(THETA.LE.0.DO) DSEP=.FALSE.
IF(THETA.GT.0.D0) USEP=.FALSE.
IF(DSEF) SPPS=DSPPS

IF(USEP) SPFS=USFPS

WRITE(&, &050)

RETURN

FORMAT (/< STEADY SEPARATION POINT AT S =7,F8,5/)
FORMAT(/“ PREDICTED UPPER SEPARATION POGINT AT 5 =~
FORMAT (/- PREDICTED LOWER SEPARATION FOINT AT S =~

.FOR Page 2

,F8.5/)

,FE.S/)

FORMAT(/////° EXECUTION STOPPED --- SEFARATION ON BOTH SIDES”)

END
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Lo B B ]

P

1000

1100

1200

1300

Lo B o v

1400

SUBROUTINE SOLVE

THIS ROUTINE IS TO SOLVE THE SIMULTANEDUS EQUATIONS FOR THE SYSTEM

IMPLICIT REAL®*S (A-H,0-1)
REAL#2 Y(41)
LOGICAL STEADY, USEFR, DSEP

COMMON/BLKO/STEADY, USEF , DSEP

COMMON/BLE 1 /NSTEPS, NT, NE, NDO, ND1,ND2, ND3, MCASE , IF (40)
COMMON/BLEZ /P, TWOPI, REY, RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLKS/PX (41) ,PY(41) ,CX(40),CY(40),5(40),SF(41) ,DSBD(40)
COMMON/BLEA/ESX (41) ,ESY (41}, ENX (40) |ENY (40)  ETN(40)
COMMON/BLKS/A(40,40) ,B(40,40) ,DW(40) , FERMA (40, 40)
COMMON/BLES /UBX , UBY , OMEGA, THTO, THTMAX, FREG, FLGMAX , RAMDA, RADIUS
COMMON/BLE7 /URX (40) , URY (40) , C(40) , D(40) ,E(40) ,F(40)
COMMON/BLES/SIGMA(40) , GAM(40) , CF (40)

COMMON/BLKS / TANVEL (40) , EDGVEL (40) , GAMVEL (40)
COMMON/BLELO/CIRCU, STAGFT, CONST, T(2,2)
COMMON/BLEL1/NTEV, NSPV, NWMAX , NOSF , NSTAG
COMMON/BLELZ/TEVX(201), TEVY (201), TEVS(201) , DSTE, TELS, TERS
COMMON/BLE13/SPYX(201) , SPVY(201) , SPVS(201) , DSSP
COMMON/BLE14/TE2X, TEZY, SP2X, SP2Y, SPPS, SPX, SPY
COMMON/BLK1S/UXTE(201) ,UYTE(201) , UXSP(201) , UYSF(201)

MSIZE=NE+1
IF(NT.GE. 1) MSIZE=NE+2

OO 1000 K=1,MSIZE
GAM(K)=0.D0
DWW (K) =—C(K) ~D(E) —E(K) =F (K}
CONTINUE

Y(L)=DW(IP(1))
DD 1100 I=2,MSIZE
Y(I)=DW(IP(I))
DO 1100 J=1,1-1
Y(D=Y (1) -ACT, J)#Y (D
CONTINUE
GAM(MSIZE)=Y(MSIZE) /A(MSIZE ,MSIZE)
D0 1300 I=MSIZE-1,1,-1
GAM(I)=Y (1)
DO 1200 J=I1+1,MSIZE
GAM( D) =GAM(I)~AC T, ) #GAM(.J)
CONT INUE
GAM(I)=GAM(I) /ACI, 1)
CONT INUE

SAVE DISTURBANCE VELDCITY TO OLD PLACE AND GET THE NEW ONE DUE TO
VORTEX DISTRIBUTION AND ADD TO RELATIVE MOTIONAL VELOCITY.

TELS=GAM(1)+GAM(NE+1)
TERS=GAM (NE+2)
TEVS(2)=. SOO#DSTE# ( TELS+TERS)
DO 1400 I=1,NE+2
IF(I.ER.NE+1) GO TO 1400
CALL GETVEL(CX(I),CY(I), TEMPVX, TEMPVY)
EDBVEL (1) =( TEMPYX+URX (1) )#ESX (1) +(TEMPYY+URY (1)) #ESY (D)
CONT INUE
D0 1420 I=1,NE
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-

GAMVEL (1) =TANVEL (1)—-.3D0# (GAM(I)+GAM(I+1))
1420 CONTINUE
[

WRITE (&, £000)

WRITE(A,6010)

WRITE (&, &020) (K, COR),D(K) ,E(E) ,F (K}, DW(E) ,K=1 ,M5IZE)
WRITE (&, £030)

WRITE (4, 4040) (K, SIGMA KD , GAMOK) , TANVEL (K) , EDGVEL (K) , GAMVEL (k)
% JK=1,NE+2)

IF(NT.ER.CG) GO TO 1450
L UZE CENTER OF VORTICITY (COV)

TEMP=COV(TELS, TERS)
TEVX(2)=TEVX (1) +(TEZX-TEVX (1) )*TEMP
TEVY(Z)=TEVY{1}+(TE2Y-TEVY (1)) *TEMF

WRITE (&, 6100)
WRITE(4,6110)

K=1

WRITE(&, A120) NT,E, TEVX(K), TEVY (K)

IF(NTEV.GE. 1) WRITE(4&,6140) (NT,K, TEVX(K) , TEVY (K), TEVS(K),
& k=2 NTEV+1)

IF(NSPV.LE. Q) GO TO 1430
T USE CENTER OF VORTICITY (COV)
TEMF=1.D0

SPUX(2)=SPUX (1) +(SP2X-SPVX (1) )#TEMF
SPVY(2)=3PVY (1) +(SPZY-SPVY (1) ) #TEMP

3

WRITE (&, 6115)
k=1
WRITE(4,4125) NT,K,SPVX(K),SPVY(K)
IF(NSPV.GE. 1) WRITE(4,6145) (NT,K, SPVX(K),SPVY (K) , SPVS(K)
% (=2, NSPY+1)
1450 CONTINUE

+

P

GET THE BOUND CIRCULATION

[ ]

CIRCU=0, [0
DO 1500 I=1,NE
CIRCU=CIRCU+, SDO#DSBD( I ) # (GAM( I ) +GAM(T+1))
1500 CONTINUE
WRITE (4, £050) CIRCU

J

FIND THE STAGNATION FOINT WITH A LINEAR INTERPOLATION

D]

DO 1400 K=2 NE
IF (EDGVEL (K) . GE. 0. D0. AND. EDGVEL (K-1) . LE. 0.00) GO TO 100

1600 CONTINUE
100 CONTINUE

NETAG=K

STAGFT = S(K-1)~EDGVEL (K-1)#(S(K)=S(K=1))/(EDGVEL (K)~

% EDGVEL (K=1))

IF(STAGFT.LT.SP(NSTAG)) NSTAG=NSTAG-1

WRITE (&, &060) STAGPT,NSTAG

D}
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F 2.0 5/17/%4 1:00:02 E:\ADAM\SOLVE.FOR  Page 3
RETURN

6000 FORMAT(///¢ ####% SURFACE DISTRIBUTION %)

£010 FORMAT(//4X, 1D/, 9X, “C”, 14X, D", 14X, 7E*, 14X, “F*, 14X, ‘D’ /)

6020 FORMAT((1X, I5,5(3X,Fi2.5)))

£030 FORMAT(//4X, 1D7,7X, “SIGMA”, 11X, GAM’, 11X, “TANVEL, 10X, "EDGVEL *,
% 10X, “GAMVEL* /)

5040 FORMAT((1X,15,5(3X,F12.5)))

£050 FORMAT(///¢ TOTAL CIRCUALTION ON BODY =/ ,E13.5//)

4060 FORMAT(” STAGNATION POINT AT S =7 FS8.5,‘ ON‘,I3,”TH ELEMENT’/)

£100 FORMAT(///33H ###%% WAKE CHARACTERISTICS w#x%% //)

6110 FORMAT(/° TE WAKE GEOMETRY‘//3X,”NT NO.‘,8X, TEVX‘, 10X, TEVY~

% 10X, “TEVS®)
6115 FORMAT(/7 SP WAKE GEOMETRY///3X,’NT NO.<,8X, SPVX‘, 10X, “SPVY~
% , 10X, “SPVS)

4120 FORMAT(2I5,5X,E12.5,2X,E12.5,14X,” TTTTTITTTIT )
6125 FORMAT(2I5,5X,E12.5,2X,E12.5,14X, " S558555885 )
£140 FORMAT(2I5,5X,E12.5,2X,E12.5,2X,E12.5,7 TTTTITTITT")
6143 FORMAT(ZIS,5X,E12.5,2X,E12.5,2X,E12.5, 7 S8SSE58885)

ENL
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PF 2.0 S5/17/84 1:00:28 E:\ADAM\SOURCE.FOR  Page 1

SUBROUTINE SOURCE(XS,YS, XF,YF,ESX,ESY,S,VS1X,VS1Y,VSLX, VSLY,
% VSRX, VSRY)

[

IMFLICIT REAL#Z (A-H,0-2)

THIS ROUTINE COMPUTES THE INDUCED VELOCITY DUE TO SOURCE DISTRIBUTION
WRT BFF

Lo I T e B '}

TWOPI=2.D0#3, 141592465358979247
XDIST=XF-XS
YRIST=YF-YS

C GET THE TANGENTIAL DISTANCE XI AND THE NORMAL DISTANCE ETA FROM SQURCE
C POINT 7O FIELD POINT WRT SDURCE EFF

XI=XDIST#ESX+YDIST*ESY
ETA=-XDISTH#ESY+YDIST#ESX
IF(DABS(XI).LE.1.D-03.AND.DABS(ETA) . LE.1.D-02) GO TO S00
TEMF1=XI+.35D0%S

TEMP2=XI-.35D0#S
ALPO=DATANZ (ETA, X1}
ALF1=DATANZ (ETA, TEMF1)
ALFPZ2=DATANZ(ETA, TEMF2)
ROSR=XT#XI+ETA*ETA
R1SQ=TEMF1#*TEMP1+ETA*ETA
RZSG=TEMF2#TEMF2+ETA*ETA
IF(RISQ.LE.1.D-06) GO TO 300
IF(RZEG.LE. 1.D-04&) G0 TO 400
71=.500#DLOG (R1SG/R250)
72=.500#DLOG(R1SG/ROSE)

23=, 300#DLOG (ROSQ/R25G)
IF(DABS(ETA).LE.1.D-03) GO TO 100
14=ALPz-ALP1

IS=ALFO-ALP1

Z46=ALFPZ-ALPO

S1X=11/TWOFI
51Y=Z4/TWOFI
SLX=(XI#Z2-.5DO#S+ETA*Z3) /TWOPI
SLY=(XI#Z3-ETA*Z12)/TWORI
SRX=(XI#Z3~.5DO#S+ETA#ZE) /TWOF]
SRY=(XI#Z4&-ETA*ZI3)/THOPI
GO TO 200
Ce#### ETA ERUALS ZERD #33#C

100 CONTINUE
B1X=Z1/TWOPI
£1Y=0.D0
IF(DABS(XI}.LT. (.500%#5)) S1Y=.3D0
SLX=(XI#Z2-.5D0#S) /TWOPI
SLY=0.D00
SRX=(XI#Z3~.500#5) /TWOPI
SRY=0.D0
G TO 200

Ca##s#d RISE EQUALS ZERO ##x##(

300 CONTINUE
S1X=-1.5D0
SLX=.73D0
Z3=.5D0#DLOG (ROSRA/R25AQ)
SRX=(XI#Z3-.5D0*5) /TWOFI
SRY=-ETA#Z3/TWOPI

7Q



FF 2.0

5/17/84 1:00: 4% E: \ADAM\SOURCE. FOR

IF(ETA) 310,320,330
S1Y=—.25D0
SLY=.123D0

GO TO 200

$1vY=0.D0

SLY=0.00

G0 TO 200

51Y=,2500
5LY=-.1235D0

GO TO 200

Casdad R2560 EQUALS ZERD #33#3#3C

400

410

20

430

CONTINUE

51X=1.5D0

SRX=.73D0

22=.3D00+#DLOG (R1S6/ROSA)
SLX=(XI#Z2-.5D0#S) /TWOPL
SLY=—ETA#Z2/TWOPI
IF(ETA) 410,420,430
S1y=-. 2500

GRY=-.12500

GO T 200

S$1Y=0.D0

SRY=0.D0

GO TO 200

51Y=.25D0

SRY=. 12500

GO TD 220

Ce##ds FOSE EOQUALS ZERD #usssl

SO0

CONTINUE
£1X=0.D0
Sl X=—.3DO#5/TWOPL
SLY=0.00
SRX=5L.X
SRY=0.D0

C#NOTE# NEXT 1 LINE # SURFACE IS ASSUMED TO BE CONVEX ONLY

310

=)

200

D]

[ )

(e

IF(ETA) 530,530,530
51Y=-.5DO
GO TO 200
S1Y=0.00
G0 TO 200
S1Y=.500
G0 TO 200

CONTINUE

TRANSFORM THE VELOCITIES FROM SOURCE EFF TO BFF

VE1IX=S1X#ESX-S1Y#ESY
VS1Y=S51X#ESY+S1Y#ESX
VELX=SLX#ESX-SLY#ESY
VELY=ELX#ESY+SLY#ESX
VERX=SRX#ESX~SRY*ESY
VERY=SRX#ESY+SRY#ESX

RETURN

END

71
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FF 2.0 5/17/84 1:01:1%9 E: \ADAM\SPDATA.FOR Fage 1
SUBROUTINE SPDATA(THETA, SPPS, STOTL, USER, DSEP)

REAL#2 SEP(22), ANG(22)
LOGICAL USEP,DSEP

DATA ANG/00.D0,02.00,04.00,06. 00, 08. 00, 10.D0, 12.D0, 14. DO,
% 14.00, 18.D0,20.00,22.D0,24.D0, 26. D0, 28. D0, 30. DO,
& 32.D0,324.00, 36.D0, 35. D0, 40. D0, $0. 10/
& REY=42,900
DATA SEP/2.055%0D0, 1.9235400, 1. 7938300, 1. 46740200, 1. 4548300,

2 1.0525200,1.07537D0, 1.04648100,1.05834600, 1. 0198300,
% 1.0543600, 1. 0543400, 1. 0544000, 1. 0544000, 1. 0543000,
% 1.0543000,1.04%971D0, 1. 04462600,1.04510D0, 1. 0431200,
& 1.0420400, 1. 0272500/

il

REY=£35, 000

C DATA SEP/2.059%000, 1. 9692400, 1.94527D0, 1, 9262900, 1. 83722D0,

C & 1.7257100,1.58010D0,1.4612500,1.43790D0,1.17103D0,

C & 1.16702D0,1.12194D0, 1. 1124100, 1. 1018500, 1. 1092200,

C % 1.0%414600,1.09334D0, 1. 0933400, 1.08107D0, 1.0771800,
% 1.0279500/

REY¥1,E7D,ODD
DATA SEF/2.0359000,1.9842100, 1.9580600, 1. 9369800, 1, 8937300,

[

[N

i

(A ¥ 1.8105700, 1. 46872500, 1, 5659900, 1. 4569700, 1. 3055100,
C % 1.2447700, 1. 1654000, 1. 1448900, 1. 1229000, 1. 1262000,
coo% 1.1148300, 1, 1143800, 1. 11046400, 1. 1063900, 1. 0819700,
C S 1.0279500/

c

DEG=DABS(THETA* 120, D0/3, 1415924653358979247)
USEP=,FALSE.
DSEP=.FALSE.
IF(DEG.LE.ANG(1)) RETURN
IF(THETA.GT.0.D0) DSEP=. TRUE.
IF(THETA.LE.0.DO) USEP=.TRLIE.
IMAX=22
o 100 I=2, IMAX
IF(DEG.LT.ANG(I)Y)Y GO TO 110
100 CONTINUE
SPPS=SEF ( IMAX)
IF(OSEP) SPPS=STOTL-SPPS
RETURN
110 CONTINUE
SEPS=CSEF(I-1)+(SEP(1)~SEP(I-1))#(DEG-ANG(I-1) )}/ (ANG(I)-ANG(I-1)}
IF(DSEP)Y SPPS=STOTL-SPPS
RETURN
END
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PF 2.0 5/17/84 1:01:44 £: \ADAM\SPGEDOM. FOR Fage 1
SUBROUTINE SPGEOM

THIS ROUTINE COMPUTES THE NEW SP WAKE GEOMETRY

e

IMFLICIT REAL*E (A-H,0-2)
REAL#E8 CEX(41),CEY(41),CFX(41),CFY(41),C06X{(41),05Y(41)
LOGICAL STEADY,USEPR,DSEP

COMMON/BLKO/STEADY , USEP , DSEP

COMMON/BLE 1 /NSTEPS, NT, NE, NDO, ND1, ND2, ND3, MCASE, IP (40)
COMMON/BLKZ/PT, TWOPT, REY,RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLK3/PX (41) ,PY(41) ,CX(40) ,CY(40),5(40),SF(41),DSBD(40)
COMMON/BLKA/ESX (41) ,ESY (41) ,ENX (40) ,ENY (40) ,ETN(40)
COMMON/BLKS/A (40, 40) , B(40,40) , DW(40) , PERMA (40, 40)

COIMMON/BLIKG /UBX , URY , OMEGA, THTO, THTMAX , FRER, FLGMAX , RAMDA , RADIUS
COMMON/BLE7 ZURX (40)  URY (40}, C(40) ,D(40)  E(40) ,F(40)
COMMON/BLES/SIGMA (40) , BAM(40) | CF (40)
COMMON/BLES/ TANVEL (40) | EDGVEL (40) , GAMVEL (40)
COMMON/BLE 10/ CIRCL, STAGPT, CONST, T(2,2)
COMMION/BLK L 1/NTEV, NSPYV, NWMAX , NDSP | NSTAG
COMMON/BLK12/TEVX (201), TEVY(201) , TEVS(201) , DSTE, TELS, TERS
COMMON/BLE 13/SPVX (201),SPVY (201) , SPVS(201) , DSSF
COMMON/BLE14/TEZX, TEQY, SF2X, SF2Y, SPPS, SPX, SPY

COMMON/BLE LS /UXTE (201) , UYTE(201) | UXSP(201) , UYSP(201)

fawd

IF(NSFV.ER.O) GO TO 100

L)

o]

COMPUTE THE NEW SF WAKE GEOMETRY (IFF)

T

IF (LNOT. (USEP.OR.DOSEF)) GO TO 220
DO 1100 K=NSPV+2,3,-1
SPVX (KD =SPVX (K-1)+UXSP(K-1)#DT+RX
SPVY (K)=5PVY (K-1)+UYSP (K-1) #DT+RY
SPVS(K)=8PVS(K~-1)

TEST THE CROSSING OF THE WAKE ELEMENT

[}

)

CALL CROSS(SPYX(K), SPVY(K), T,RX,RY,SHIFT,NDO,ND'L, ND2, ND3)
1100 CONTINUE
GO TO 250
220 CONTINUE
DD 1150 K=NSPV+1,2, -1
SPVX (K ) =5PVX (K) +UXSP (K ) #DT+RX
SEVY (K) =SPVY (K)+UYSP (K) #DT+RY
1150 CONTINUE
RETURN
250 CONTINUE

C
C  SHED NEW WAKE (IFF) &% INCREASE SP WAKE ELEMENT NUMBER RBY 1.
C
100 CONTINUE
IF(.NOT. (USEP.DR.DSEF)) RETURN
NSPV=NSFV+1
IF (NSPV. GT.NWMAX) NSPV=NWMAX
C
C FIND THE ELEMENT NUMBER WHERE THE SEPARATION QCCURS
C

NOSP=0
DD 1160 K=2,NE+1
IF(SPPS.LT.SF(K) Y GO TO 210
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PF 2.0 5/17/34 1:02:08 E: \ADAM\SFGEOM.FOR  Page 2

1140 CONTINUE
310 NDOSP=K-1

C
£ FIND SEFARATION POINT WRT BFF
[
PRINT %,
FRINT #, “NOSF =7 NOSP, <  {=———- ELEMENT NCO. WHERE SEF. OCCUR”
C
T AVOID THE CASE WHEN THE SEFARATION QCCURS AT THE CENTER POINT
C
TERR=4, -3
TEMF=3FP3S-5 (NOSP)
IF(DABS(TEMF).LE. TERR) SPPS=S(NISP)+TERR#TEMF/DABS (TEMF)
[
C LOCATION IN CENTER POINT-WISE
C
IF(SPPS.GT.S(NOSF) ) NTEMP=NOSP
IF(SPPS.LT.S(NOSP) ) NTEMP=NOSF-1
RATIOL={SPPS~S(NTEMF) )/ (S(NTEMP+1)-S(NTEMP))
C
C LOCATION IN BOUNDARY FOINT-WISE
C
RATIO=(SPPS~SP (NOSF) ) / (SP(NOSF+1) -SSP (NOSP))
o
C SEFARATION POINT WRT BFF
[
SPX=FPX (NOSF)+RATIO# (FX(NDSP+1)-PX (NOSF) )
SPY=PY (NOSP)Y+RATIO® (PY (NOSP+1)~-PY{(NJSF))
C
C  TRANSFORM THE SEFARATION POINT WRT I.F.F.
C
SPUX(1)=5PX#T(1,1)+SPY#T(2, 1) +RX
SPVY (1)=5SPX#T(1,2)+5FY#T(2,2) +RY
C
C FIND THE SEPARATION SHOOTING VEL. AND ITS STRENGTH
C

SEPVEL=EDGVEL (NTEMP)+RATIO1# (EDGVEL (NTEMP+1)-EDGVEL (NTEMP))
SPVE(2)=-, SDO#SEFPVEL#SEPVEL*DT
DEEP=DABS (SEFVEL Y #DT

T TRANSFIORM THE SEPARATION VORTEX VELOCITY WRT B.F.F.

TANGLE=36.D0O#FI /120, DO
USP=SEPVEL #DCDS (TANGLE)
VEP=DABE (SEFVEL ) #*DSIN(TANGLE)
SEPOVX=USP#ESX (NOSF ) -VSP#ESY (NOSP)
SEFTIVY=USPH*ESY (MISF ) +VSP#ESX (NOSP)
IF (SEFDVX.GE.O.DO)Y GO TO 444
SEFDVX=0.D0
SEPDVY=DABS (SEPVEL)

444 CONTINUE

o
C  THE SEPARATION VORTEX VELOCITY WRT I.F.F.
i
SPWUX=SEPDVX#T (1, 1)+SEPDVY#T (2, 1)+UBX
SPWUY=SEPDVX#T (1, 2)+SEPDVY*T (2, 2)+UBY

NEW POSITION OF THE SEF WAKE WRT I.F.F.

D w ]

SP2X=SPWUX#DT+SPVX (1)
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FF 2.0 S/17/24 1:02:37 £: \ADAM\SFGEOM. FOR

SPRY=SPWUY#DT+5PVY (1)

TEMP=1.D0
SPUX{2)=5PVX (1) +(SPZX-SPVX (1) )#TEMF
SPUY(2)=SPVY (1) +(SP2Y-SPVY (1) }#TEMP

WRITE (&, £000) SPPS,NT,SPX,SPY, SERPVEL , SEPDVX,
% SEPDVY, REY

RETURN

&000 FORMAT(//71X, “SEP FOINT WRT SLIRF. CODR.=",F&.3,7 NT=",14/
1X,“SEP POINT WRT BODY F. FRAME =" ,2(F6.3,3X)/
1X, "SEPARATION EDGE VELOCITY =-,FB8.5/

1X, "SHOOTING VECTOR WRT B.F.F =7,2(F8.5,3X)/
1X, "REYNOLD NUMBER =~ ,E15.5//)

Lo ol g

END

75

Fage

-
]



FF 2.0

5/17/84 1:02:52 E: \ADAM\STAG. FOR

SUBROUTINE STAG(REL,HI, THEI)

D56 46 35 35 3036 3 30303 30 38 3 34 S0 36 33030 3640 33030 36 30 30 30 36 30 3030030 334 30 3 3030 0L

10

20

IMPLICIT REAL#*8(A-H,0-Z)
COMMON/VEL/U(150) , X (150) NS

COMMON/F IN/RST,FT, AT, GT,HT, XNS, XNL, XNT, TURB, NTM
COMMON/PTN/SPRT

D0 10 I=1,NS

IF(X(I).GT.XNS) GO TO 20

CONT INUE

LI=U(I)

XNL=X (1)

XSL=XNL~XNS

HI=2.216D0

T1=.2923400

REX I=lJI#XSL#REL

THEI=TI#XSL/REXI##0. SDO

RETURN

END
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PF 2.0 5/17/84 1:03: 11 E:\ADAM\TEGEOM.FOR  Page 1
SUBROUTINE TEGEOM

THIS ROUTINE COMPUTES THE NEW TE & SP WAKE GEOMETRY

O

L)

IMFLICIT REAL#Z (A-H,0-7)

COMMON/BLKO/STEADY , USEFR, DSER

COMMON/BLK 1 /NSTEPS, NT, NE, NDO,ND1,ND2, ND3, MCASE, IP(40)
COMMON/BLEZ/PT, TWOPI  REY,RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLES/PX(41),PY(41) ,CX(40),CY(40),5(40),5P(41),DSBD(40)
COMMON/BLK4A/ESX (41) ,ESY (41} ,ENX(40) ,ENY (40} ,ETN(40)
CIOMMON/BLKS/A(40,40) ,B(40,40) ,DW(40) ,PERMA(40,40)
COMMON/BLEA/UBX, UBY , OMEGA, THTO, THTMAX , FRE®, FLGMAX , RAMDA, RADIUS
COMMON/BLEZ ZURX (40) ,URY (40) ,C(40),D(40) ,E(40),F (40)
COMMON/BLKE/STIGMA(40) , GAM(40) ,CF(40)
COMMON/BLKS®/ TANVEL (40)  EDGVEL (40) , GAMVEL (40)
COMMON/BLELO/CIRCU, STAGPT, CONST, T(2,2)
COMMON/BLELL/NTEV, NSPV, NWMAX, NOSF , NSTAG
COMMON/BLKL1Z2/TEVX (201, TEVY (201}, TEVS(201) ,DSTE, TELS, TERS
COMMDN/BLK13/SPVX(201),SPVY (201),5PVS(201),D5SP
COMMON/BLK14/TE2X, TEZY, SP2X, SP2Y, SPPE, SPX, SPY
COMMON/BLELS/UXTE(Z01) ,UYTE(201) ,UXSP(201),UYSP(201)

L]

IF(NTEV.ER.0) GD TO 100

COMPUTE THE NEW WAKE GEOMETRY (IFF)

e w B

DD 1100 K=NTEV+2,3, -1
TEVX (K)=TEVX (K—1) +UXTE(K-1) #DT+RX
TEVY (K)=TEVY (K—1)+UYTE (K-1) #DT+RY
TEVS (K)=TEVS(K-1)

TEST THE CROSSING OF THE WAKE ELEMENT

[ o]

CALL CROSS(TEVX(K) , TEVY(K),T,RX,RY,SHIFT, NDO,ND1 K NDZ,ND3)
1100 CONTINUE

SHED NEW WAKE (IFF) & INCREASE TE WAKE ELEMENT NUMBER BY 1.

[w i

100 CONTINUE
NTEV=NTEV+1
IF (NTEV.GT.NWMAX) NTEV=NWMAX
VELAVG=EDGVEL (NE+2)

DSTE=VELAVG*DOT
TEVX(1)=PX(1)#T(1, 1)+PY (1) #T(2, 1}+RX
TEVY(1)=PX(1)#T(1,2)+PY (1) #T(2,2)+RY
TEMX=DSTE#ESX (NE+2)

TEMY=DSTE#ESY (NE+2)

TEZX=TEMX#T (1, 1)+TEMY#T(2, 1)+TEVX(1)-UBX*DT
TEZY=TEMX#T(1,2)+TEMY#T(2,2)+TEVY (1) -UBY#DT

RETURN

END

17



PF 2.

o S/17/84 1:03:45 E: \ADAM\TRANS. FOR

SUBROUTINE TRANS (#,SH,RST, XN, XNS, XNT, Y, NTM)

(5363030 30 36 35 36 34 36 36 3636 3698 3 3 31 36 36 26363536 36 3 36 336 30 30430 98 36 H 366 4030 30 0 0 0 00 33 3 30 H 30 0 203046 36 T

10

40
S0

20

IMPLICIT REAL3#3(A-H,0-7)

COMMON/OLLD/0AT (1503, 0DSL(150) , OXNL, ONT, ONSEF, XSEP, OXSEFR
COMMON/BLI/HI, THEL ,RTHI

COMMON/PTN/SPRT

DIMENSION Y(2)

IF(SH.GE. (1.D0-1.D0/32.900)) GO TO 10
H=1.D0/(1.00-SH)

RTH=RET/H

THE=Y(1)/H

REX=RET#(XN-XNS}/Y{(1)

IF(REX.EG.0.D0) G0 TO 20

RHS=1.17400# (1.D0+22400.D0/REX) #DABS (REX) ##0., 46D0
IF(RTH.GE.RHS) GO TO 10

GO TO 20

IF(DFLOAT (NTM) L EQLONT) GO TO 20

XNT=XN

ONT=DFLOAT (NTM)

WRITE(&,30) XNT

FORMAT (4X, “THE TRANSITION POINT (XNT)=“,E12.5)
HI=H

IF(HI.GT.2.7600) HI=2.76D0

CONTINLIE

THEI=THE

RETURN 1

CONTINUE

RETURN

END
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PF 2.0 S5/17/84 1:04:04 E: \ADAM\TSEFP.FOR Fage

SUBROUTINE TSEP (#,SH, XN, Y,NTM)
C******************************************C

IMPLICIT REAL#3(A-H,0-2)

LOGICAL SPRT

COMMON/OLD/OAT (150) , DDSL (150) , OXNL , ONT, ONSEF, XSEP , OXSEP

COMMON/PTN/ SPRT

DIMENSION Y(2)

H=1.D0/ (1.D0-SH)

RHS=1.D00+1.D0/(1.DO~-Y(2})

IF(H.GE.RH5) BD TD 10

GO TO 20
10 IF(DFLOAT(NTM).EQ.ONSEF) GO TO 20

DXSEP=XSEF

XSEF =XN

ONSEP=DFLOAT (NTM)

SPRT = .TRUE,

WRITE (4,30} XSEP,H,RHS
30  FORMAT(4X, * INTERMITTENT SEP POINT (XSEF) =°,E1Z2.5,

% 2X,“H =7 E12.5,2X,’RHS =*,E12.5)

RETURN 1
20 CONTINUE

RETURN

END
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PF 2.0 S/17/84 1:04:20 E:\ADAM\TLRBL.. FOR Page 1

SUBROUTINE TURBL (DELT,HI, THEI,REL)
36364030 3030 S SH 30 30 30 6 46530 H I HH 36 S I I3 3 6 H I RN HHL
IMPLICIT REAL#*8(A=H,0-7)
COMMON/F IN/RST,FT, AT, GT, HT, XNS, XNL, XNT, TURE, NTM
COMMON/FOUT VT, SH, CF 2
COMMON/VEL/ZU(150) , X (150) , NS
COMMON/OLD/0AT (150) , 0DSL (150) , OXNL, ONT , ONSEP , XSEP | OXSEF
COMMON/PTN/SPRT
DIMENSION Y(2),YP(2)
OXNT=0XT
Do 20 I=2,NS
IF(X(I).GT.XNT) G0 TO 10
30 TO 20
10 CONTINUE
NXT=I-1
GO TG 20
20 CONTINUE
30 CONTINUE
UI=U(NXT )+ (XNT=X(NXT) 3% CUCNXT+1)=U(NXT) )/ (X (NXT+1) =X (NXT)
RTHI=UI#THEI#REL :
RSTI=HI*RTHI
DSLI=HI#THEI
DEDI=( . FO0%HI~1.D0) /7 (1. 3DO*HI)
DLI=DSL1/DSDI
CF21=0.051D0*DABS (1. D0-2. DO*DSDI ) ##1 . 73200/DABS (RSTI/DSDI)
$##, 268D0%DABS (1. D0O-2. DO#DSDI ) / (1.D0O~2, DO*DSDI)
RET=RSTI
Y(1)=DSLI
Y (2)=D501
WRITE(4,50) NXT,XNT,UI,DLI,DSLI, THEI,HI,CF2I,RTHI
N51=NS-1
DO 40 NX=NXT,NS1
X1=X (NX)
XZ=X (NX+1)
IF (NX.E@.NXT) X1=XNT
CALL GRAD(NX,DELT,Y(1))
CALL RKM44 (%100, X1,X2,Y,2,1.0D-05)
RST=U(NX+1)#Y (1) #RSTI/DSLI/UI
CF2=.1681D0*VT#DABS (VT)
DEL=Y (1) /Y (2)
H=1.D0/(1.DO~5H)
THE=Y (1) /H
RTH=RST/H
UE=U(NX+1)
NXP1=NX+1
WRITE(4,50) NXP1,X2,UE,DEL,Y(1),THE H,CF2,RTH
S0 FORMAT(1X,13,4X,8E10.3)
40  CONTINUE
100 CONTINUE
RETURN
END
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SUUBROUTINE VORTEX (XS, YS, XF, YF,ESX,ESY, S, W1X,W1Y,W2X, W2Y)

c
IMPLICIT REAL%*8 (A-H,0-7)
C
C THIS ROUTINE COMPUTES THE INDUCED VELOCITY DUE TO VORTEX DISTRIBUTION
C WRT BFF

L]

TWOPI=2,DO#Z. 1415926535897 5%247
XDIST=XF-XS

YDOIST=YF-Y&

IF(S.LE..005D0O)Y GO TD 700

GET THE TANGENTIAL DISTANCE XI AND THE NORMAL DISTANCE ETA FROM SOURCE
POINT TO FIELD POINT WRT SOURCE EFF

[y B o]

T

XI=XDIST#ESX+YDIST#ESY
ETA=—XDIST#ESY+YDIST#ESX
IF(DABS(XI).LE.1.D-03%.AND. DABS(ETA).LE.1.D-03) GG TO 500
TEMF1=XI+.5DO%*S

TEMP2=XI-.5D0%#S
ALF1=DATANZ (ETA, TEMF1)
ALFZ=DATANZ (ETA, TEMPZ)
R1SO=TEMF1#TEMF1+ETAR*ETA
RZZE=TEMF2#TEMF2+ETA*ETA
IF(R1SR.LE.1.D-0&} GO TO 300
IF(R2SQ.LE.1.D0-06) GO TO 400
12=.5D0#DLOG(R1SQ/R28R)
IF(DABS(ETA).LE.1.D-03) GO TO 100
Z1=ALP1-ALFZ

V1IX=Z1/TWOPI
ViY=22/TWOPI
V2X=(XI*ZI+ETA#Z2Z) /TWOPI
V2Y=(XI#22-5-ETA*Z1) /TWOPI
GO TO 200
Caweswdt ETA EQUALS ZERD #333#(
100 CONTIMUE
ViX=0.D0
VivY=Z12/TWOFI
VZX=0.D0
V2Y=(XI#Z2-8)/TWOFI
GO TD 200
CHaasst R1SE EQUALS ZERO ####3#C
300 CONTINUE
V1ivY=-1.5D0
V2Y=.73D0
IF(ETA) 310,220,230
310 ViX=,25D0
V2X=—,123D0
GO TD 200
0 V1iX=0.DO
VZX=0.D0
GO TO 200
330 ViX=-.25D0
VZX=.125D0
530 Ta 200
Coaasnsd R2SE EQUALS ZERO #x##x(
400 CONTINUE
Viy=1.3D0
v2Y=,75D0

[
B
<
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IF(ETA) 410,420,430

410 ViX=.25D0

Vax=.125D0
GO TO 200

420 ViX=0.D0

V2X=0.D0
GO TO 200

4320 V1iX=-,23D0

VEX=-.125D0
GO TQ 200

Ca#is ROSQ EQUALS ZERD #3sssC
500 CONTINUE

V1iY=0.D0
VaX=0.00
2Y=-5/TWOPI

E: \ADAM\VORTEX.FOR

C#NOTE# NEXT 1 LINE # SURFACE IS ASSUMED TO BE CONVEX ONLY

[l w B}

o]

IF(ETA) 530,530,530

510 Vi1X=.5D0

GO TO 200

520 V1X=0.00

G0 TO 200

5320 ViX=-.500

200

50 TO 200

CONTINUE

TRANSFORM THE VELOCITIES FROM SOURCE EFF TU BFF

700

VWWIX=V1IX#ESX-VIY#ESY
WW1Y=VIX#ESY+V1Y*ESX
VVZ2X=VZX#ESX-VZY#ESY
VVZY=V2X#ESY+V2Y#ESX

RETURN

CONT INUE
ROIST=XDIST#XDIST+YDIST#YDIST
VWWIX=—YDIST#S/(TWOFI#RDIST)
VWiY= XDIST#S/(TWOPI#RDIST)
W2X=0.D0

VWWaY=0.00

RETURN

END

g2
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SUBROUTINE WAKINF

THIS ROUTINE CALCULATES THE CONTRIBUTION OF THE TE AND SF-WAKE TO
THE NORMAL DOWNWASH AT THE CENTROID OF BODY SURFACE ELEMENT

DO 00

IMFLICIT REAL*E (A-H,0-2)
REAL#S TEMADD(40), SPMADD( 40)
LOGICAL STEADY,USER, DSEP

COMMON/BLEO/STEADY , USEP , DSEP
COMMON/BLK1/NSTEPS, NT, NE, NDO, ND1, NDZ, ND3, MCASE, IF (40)
COMMON/BLKZ/F T, TWORL, REY, RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLK3/FX(41)  PY(41) ,CX(40),CY(40),5(40) ,SP(41) ,DSBD(40)
COMMON/BLKA/ESX (41)  ESY (41) ,ENX(40) ,ENY (40) ,ETN(40)
COMMON/BLES/A (40, 40) , B(40,40) , DW(40) , PERMA (40, 40)

COIMMON/ BLKA /UBX , UBY , OMEGA, THTO, THTMAX , FREGR, PLGMAX , RAMDA , RADIUS
COMMON/BLK7 /URX (40) , URY (40) ,C(40) ,D(40) JE(40),F(40)
COMMON/BLES/SIGMA(40) , GAM(40) , CP (40)
ZOMMON/BLKS/ TANVEL (40) | EDGVEL (40) , GAMVEL (40)
COMMON/BLE10/CIRCU, STAGPT, CONST, T(Z2,2)

COMMON/BLE L1 /NTEV, NSPV, NWMAX , NOSP , NSTAG
COMMON/BLE1Z/TEVX (201), TEVY (201) , TEVS(201) , DSTE, TELS, TERS
COMMON/BLE13/SPVUX (201) , SPVY (201) | SPVS(201) , DSSP
COMMON/BLK14/TEZX, TEZY, SFZX, SP2Y, SPPS, SPX, SPY
COMMON/BLE1S/UXTE(201) ,UYTE (201) ,UXSP (201) , UYSP (201)

[

MSIZE=NE+2Z

INITIALIZE THE DOWNWASH ARRAY

T

Lo 1000 I=1,MSIZE
E(I)=0.D0
F(I)=0.D0

1000 CONTINUE

£

DOWNWASH DUE TO THE FIRST TE WAKE ELEMENT

L B )

TEMVX=. SDO% (TEZX+TEVX (1))
TEMVY=. SD0# (TEZY+TEVY (1))
CTEVX=TEMVX#T (1, 1)+TEMVY#T (1, 2)~RX
CTEVY=TEMVX#T(Z, 1) +TEMVY#T (2, 2) ~RY
DO 1010 I=1,MSIZE

IF(I.EQ.NE+1) GO TO 1010

CALL VORTEX(CTEVX,CTEVY,CX(1),CY(I), ESX(NE+2),ESY (NE+2),
& DSTE, W1X,W1Y, WW2X, W2Y)

CEX=. SDO*W1X~VW2X/DETE

CCY=.500%¥W1Y-W2Y/OSTE

CDX=. SDO*VW1X+WW2X/DSTE

CDY=. SDO#VW1Y+W2Y/DSTE

TEMADD ( ) =COX#ENX (1) +CCY#ENY (1)

A(T,NE+2)=CDX#ENX ( I)+CDY#ENY (1)

1010 CONTINUE
TEMADD (NE+1) =, SDO#DSTE
A(NE+1,NE+2)=, SDO#*DSTE

DOWNWASH FROM THE LUMPED TE WAKE

[ B

IF(NTEV.LE. 1) GO TO 2000
DO 1030 J=3,NTEV+1
TEVXB=TEVX () #T(1, 1)+TEVY(JI#T(1,2)-RX

83
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TEVYB=TEVX{(J)#T(2Z, 1)+TEVY()#T(Z,2)-RY
DO 1020 I=1,MSIZE
IF(I.EQ.NE+1) GO TO 1020
CALL LMPVTX(2,d,TEVXB, TEVYE,CX(I1),CY(I),VELX,VELY)
E(Iy=E(I)+(VELX#ENX(I)+VELY#ENY (1)) #TEVS (.0}
1020 CONTINUE
E(NE+1)=E(NE+1)+TEVS(.)
1030 CONTINUE
[
2000 CONTINJE
C_.
L DOWNWASH FROM THE LUMPED SP WAKE
-
2025 CONTINLIE
IF(NSPV.LT. 1) GO TO 2000
D 2030 J=2,NSPV+1
SPVXB=SPVX (D #T (1, 1+SPVY (D #T(1,2)~-RX
SPVYB=SPVX(J)#T{(Z,1)+SPVY (J)#T(2,2)-RY
Do 2040 I=1,MSIZE
IF(I.EQ.NE+1) GO TO 2040
CALL LMPVYTX (2, J,5PVXB,SPVYR,CX(I)},CY(I),VELX, VELY)
FCIY=F (D) +(VELX#ENX (I)+VELY#ENY (1)) #SPVS ()
2040 CONTINUE
F(NE+1)=F (NE+1)+SPVE(J)
2030 CONTINUE
-
3000 CONTINUE

SETUF THE NEW MATRIX A

[ B By

DO 3110 I=1,MSIZE
DO 3120 J=2,NE
3120 ALT,J)=PERMA(I,.))
A(1,1)=FERMA(I,1)}+TEMADD(I)
A(T,NE+1)=PERMA(I,NE+1)+TEMADD(I)
3110 CONTINUE
C
4000 CONTINUE
C
7000 CONTINUE
7010 CONTINUE
C
RETURN
.
4000 FORMAT(Y ROW‘,I3,9(1X,E10.4,1X),50(/7X,9(1X,E10.4,1X)))
c :
END

84
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SUBROUTINE WAKVEL

THIS ROUTINE 1S TO COMPUTE THE INDUCED VELOCITIES OF THE WAKE ELEMENTS
DUE TD THE ENTIRE SINGULARITIES IN THE FLOW FIELD.

[on B B W B

IMPLICIT REAL#8 (A-H,0-2)

[}

COMMON/BLKO/STEADY , USEP , DSEP

COMMON/BLK 1 /NSTEPS, NT, NE, NDO, ND1 , ND2, ND3, MCASE , IF (40)
COMMON/BLK2/PL, TWOPT, REY,RX,RY, THETA, SHIFT, DT, TECON
COMMON/BLK3/PX(41),PY(41),CX(40) ,CY(40),5(40),5P(41),DSBD(40)
COMMON/BLKA/ESX (41) ,ESY (41) ,ENX (40) ,ENY (40) ,ETN(40)
COMMON/BLKS/A (40, 40) ,B(40,40) , DW(40) ,PERMA(40, 40)
COMMON/BLKS/UBX , UBY , OMEGA, THTO, THTMAX , FREQ, PLGMAX , RAMDA , RADIUS
COMMON/BLK7 ZURX (40) ,URY (40) ,C(40) ,D(40) ,E(40) ,F(40)
COMMON/BLKE/SIGMA(40) , BAM(40) , CP(40)

COMMON/BLKS / TANVEL (40)  EDGVEL (40) , GAMVEL ( 40)
COMMON/BLE10/CIRCU, STAGPT, CONST, T(2,2)
COMMON/BLK 1 1/NTEV, NSPV, NWMAX , NDSP | NSTAG
COMMON/BLE12/TEVX (201), TEVY (201}, TEVS(201) ,DSTE, TELS, TERS
COMMON/BLK13/SPVX (201) , SPVY (201), SPVS(201), DS5P
COMMON/BLK14/TE2X, TE2Y, SP2X, SP2Y, SPPS, SPX, SPY
COMMON/BLKLS/UXTE(201)  UYTE(201) ,UXSP(201) ,UYSP(201)

[ )

GET THE INDUCEDR VELOCITY DUE TO THE SINGULARITY DISTRIBUTION IN THE
- FIELD

)

IF (NTEV.LE.0) GO TO 1010
DO 1000 K=2 NTEV+1
TEVXB=TEVX (K)#T (1, 1)+TEVY (K)#T (1, 2)~RX
TEVYB=TEVX (K)#T(2, 1)+TEVY(K) #T(2,2)~-RY
CALL GETVEL(TEVXB, TEVYB, TEMPU, TEMPV)
TEMPU=TEMPLM+T (1, 1)#(1.DO-UBX)-T (1, 2) *UBY+OMEGA*TEVYB
TEMPV=TEMPV+T (2, 1)# (1, D0-UBX)-T(2,2) #LBY-OMEGA*TEVXB
UXTE(K)=TEMPU%T (1, 1) +TEMPV#T (2, 1)
UYTECK)=TEMPL#T (1, 2)+TEMPV%T(2,2)
1000 CONTINUE
1010 CONTINUE
C :
C GET THE INDUCED VELOCITY DUE TO THE SINGULARITY DISTRIBUTION IN THE
¢ FIELD
c
IF (NSPV.LE.0) 50 TO 1110
DO 1100 K=2,NSPV+1
SPVXB=SPVX ())#T (1, 1)+SPVY(K)#T (1, 2)~RX
SPUYB=SPVX (K)#T (2, 1)+SPVY (K)#T(2,2)~RY
CALL GETVEL (SPVXB, SPVYB, TEMPU, TEMPV)
TEMPU=TEMPU+T (1, 1)%#(1.DO-UBX)~T (1, 2) #UBY+0OMEGA*SPVYB
TEMPV=TEMPV+T (2, 1)%(1,DO-UBX)~T(2, 2) #UBY-OMEGA*SPVXB
UXSP(K)=TEMPUST (1, 1)+TEMPV#T (2, 1)
UYSP(K)=TEMPU*T (1, 2)+TEMPV*T(2,2)
1100 CONTINUE
1110 CONTINUE

L

RETURN
C
END
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